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Sxp*rin*nt*l  work  !•  tiding  to  th*  doTolopnont  of  • choitloolly 
rosiatLnt  coated  fabric,  auitoble  for  uee  In  protactlT* 
clothing  for  pereonnel  handling  vorioue  fuale  etxd  exldliere 
uiod  in  gaidad  mieailaa,  it  deasribed  in  thia  report,  Bie 
fabric  consists  of  a pigsisnted  blend  of  polyethylene  and 
Vlstanex  B-80  calendered  on  Vinyoo  Robrlo  y501,  prloed  with 
a solution  (16>  s.lldsj  of  Vistonex  B-80  dispersed  in  toluol. 

It  poesesees  good  resistance  to  the  action  of  nitric  acid 
end  ex-.ellant  flexibility  throughout  a tenpereture  range  of 
-67*F  to  ♦l57*Pwhon  tested  in  accordance  with  the  procedure 
outlined  in  Specification  MII,-P«Ulh3  (USAF), 

Broteotive  clothing  in  the  fom  of  suits,  hoods  end  gloves, 
fabricated  from  the  coated  aateriol,  as  well  as  a nunber  of 
yards  of  the  fabrio  itself,  has  been  shipped  to  the  bright 
Air  DevelopsMnt  Center.  Since  the  coated  fabrio  tdiich  has 
been  developed  is  superior  to  suit  Materials  in  present  use 
which  exhibit  only  slight  resistance  to  nitric  aeid,  it  is 
concluded  that  personnel  operating  in  the  field  of  guided 
•laaiXaa  eon  now  be  provided  with  clothing  thich  will  offer 
adequate  preteotion  against  rochet  fV^els.  It  is  reeoanended 
that  the  coated  fabrio  bo  ussd  in  the  fabrioatioo  of  all 
olothing  designed  for  the  preteotion  of  personnel  engaged  in 
h«,v^iiwg  oxidisers  and  noet  rocket  f\iela. 

The  ooated  fabrio  was  developed  tsider  Cootroot  Mo.  AF  33(hld*-l55 
at  The  Conaeotiout  Hard  Rubber  Conoany,  Mew  Haven,  C^eetiout, 
durii«  the  period  froa  May  22,  195^  to  Deoenber  31»  1953. 
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INTRODUCTIOW 


At  tht  of  actlvltloi  concerned  with  guided  mlaBllet 

becomot  wider  In  scope,  the  demai.d  for  trained  ^rsonnal 
grovt  ever  greeter,  end  with  their  increase  in  number  comes 
a need  for  more  effective  ms  ana  to  protect  them  from  the 
hatard*  encountered  in  the  field.  The  pretective  clothing 
in  present  use,  consisting  of  glass  fabric  coa^'ed  with 
polyvinyl  chloride,  affords  only  a slight  degree  of  protact'.on, 
especially  in  the  case  of  rocket  fuals  auch  as  fuming  nitric 
acid,  hence,  the  task  was  asaigned  to  develop  a material 
suitable  for  the  Iibrlcation  of  clothing,  which,  among  other 
z^(iulrenents,  would  be  resistant  to  the  action  of  whlta 
fulling  nitric  acid  and  would  be  flexible  throughout  a tem- 
perature range  of  to  •♦■157“?. 

For  the  development  of  a chemically  resiatant  uoated  fabric, 
the  following  polynere  were  designated  ae  being  of  special 
interest  to  Wrl^t  Field:  polyethylene,  polylaobutylene, 
polytetraf luoroethylene  and  polymonochlorotriflua'oethylsna. 
Since  pcly tetrafluoroethylene  (Teflon)  and  polymonochloro- 
trlfluoroethylene  (Kel-P)  are  outatanding  in  their  realatanco 
to  cheBiieal  attack,  the  initial  experlraental  work  under  the 
subject  contract  was  concerned  with  an  investigation  of 
commercial  Taflon  and  Kel-F  films,  aa  well  aa  those  cast 
frea  solvent  dispersions  on  various  types  of  glass  fabrics, 
and  fUsad  to  maltf  a continuous  film.  In  conjunction  with 
theaa  axperinantn,  an  invaatigation  waa  made  of  polyothylene- 
polyisebutylene  (Vlstanez)  filaa  cast  from  aolutlcn,  together 
with  pross-aaldsd  films  of  polyothylone-polytsobutylene  blends. 
Another  ejqperinental  step  was  wn  svaluatlon  of  Kel-F-glass 
f sbric-sillcone  rubber  Isminates  as  well  ae  products  result- 
ing from  vhe  lamination  of  plaaticixsd,  extruded  Xel-F  film 
to  Fiberglaa. 

while  plaeticited  Xel-P  film  was  found  to  provide  an  outatand- 
ing degree  of  protac'vlon  egainat  fuming  nitric  acid,  much 
superior  to  that  of  polye thjlene -polylaobutylene  blends 
which  were  the  next  best,  auit  materiela  obtained  by  coating 
glass  fabrics  with  K.sl-F  dlaperaions  h^d  an  inherent  stiffness 
which  was  lessened  to  a cartain  extant  but  naver  complataly 
eliminated.  Many  of  the  difficulties  with  f luorocarbon- 
coated  fabrics  arlso  froe  the  nec'ssicy  of  using  Plberglas 
as  the  supporting  fabric.  No  other  known  fabric  has  sufficient 
heat-resistance  to  withstand  the  fusion  temperatures  required 
in  the  preparation  of  coatings  from  fluoroe-rbon  dispersions. 
Problems  concemea  with  glass  fabrics  are  poor  flex  life, 
the  pcsslblllty  of  irritation  to  the  skin,  and  the  high 
expense  Involv-d  in  its  use. 
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Th*  loss  of  flsxlbllity  «hleh  ro=Mlts  fra«  oestlnc  with 
Ksl-F  esn  bo  sssliy  sxplslnsa  by  s cons Idsrst ion  of  tho 
atsohsnicisl  pro><')Ftiss  of  Pibsrglss.  ?ibsrglss  is  nsds 
fr<^  aiorodisastor  glass  f ilsnsnts  which  srs  twistsd  into 
throsd  snd  thsn  wov«n  into  fabrij«  Tho  glsas  filonontSy 
although  auppls  bsoauso  of  thsir  sxtroao  thinnoss»  sro  still 
glass  and  by  thsir  vary  naturs  eacnot  withstand  nuch  bonding 
or  floxlng  without  brsaklng.  iisncs;  tho  floxioillty  of 
glass  fabrics  is  a rcsiilt  of  ths  fllsaaonts  slipping  tad 
slidins  past  ooch  othsr.  lha  application  snd  fusion  of 
tho  r^lstlvsly  Inflsxibls  Ksl-7  to  ths  fabrio  locics  thsss 
filsasnts  in  plaost  liaits  thsir  sbilily  to  a lids  psst  or«» 
snothcr,  and  thsrsfors  tbs  fabrio  bsoonsa  stiff  snd  brittls. 

libsn  naxianta  acid  protaotion  had  baso  obtainsd  with 
fluorooarbon^coatad  fsbriea>  a ocnfarsnos  waa  bold  with 
psrsonosl  of  Wright  Air  DavslupsMnt  Cantor  (r«os«bsr  9* 

1952).  Kar««  tts  potantislitiss  snd  drawoaehs  of  fluorocarbon 
oonstruotions  wars  disousssd.  It  was  dsoidsd  that  in  visw 
of  ths  rslati\  'ly  '.hort  sxpoaurs  tias  satioipstsd  in 
setual  uas  In  . otsitivs  olothing.  absoluts  aoid-rsslstsnes 
should  bo  a-.mprcailssd  for  groatsr  flaxioility  and  wssrsr 
oostfort.  It  was  suggsstsd  at  this  aKsting  that  ths  rsnaindsr 
of  tbs  tins  on  ths  cent  root  bs  eonosntratsd  on  polys  thylsns- 
polyissbutylsns  blonds. 

Subssquant  work  on  blonds  of  polystbylsns  snd  polylsobutylsns« 
Qslsndsrsd  on  Vlnycn.  indioatsd  that  a pir^ntsd  Llsnd  of 
sixty  parts  polyisotutylsna  (Vlstsnsx  B^O)  snd  forty  parts 
polyothylsns  providsd  rasistanos  to  nitrie  acid  on  ths  ordsr 
of  fbrty  hours*  which  is  nsrksdiy  s .psrior  %m  that  of 
prsssnt  protsotiva  olcthlng,  7?is  flexibility  of  tho  fabric 
is  sxesllsnt.  approaching  that  of  nor***  woaring  appsrsl* 
and  flsxibility  is  nsintaiTMd  throughout  a tsnpsraturs  rac^t 
of  -67*?  to  ♦■157*?.  Morsossr#  ths  fabric  can  bo  prooossod 
with  saso  on  axisting  oalondoring  oquipnont. 
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EXiSRTtg^TAL  KOrX 


A.  T-AFgat  R«qulr«wnta  and  Conformity  of  Coatad  Fabric 
to  Snaelfic -.£100  (VSAP) 


Ixparlaantal  woric  under  too  praaant  eontrfict  (AP  33 (^16) -135) 
haa  boon  earrlad  out  with  tha  oojaotlva  of  davaloping  a coatad 
fabric  for  uaa  in  protaetlTO  clothing  for  oaraonnal  handling 
varloua  oxidising  aganta  and  fuala  uaad  in  guiaad  alaallaa. 

Tha  protactiia  clothing  in  praaant  uaa«  eonaiating  of  a 
baaa  fabric  coatad  with  polyvinyl  ehlorida*  offbra  only 
alight  raaiatmea  to  nitric  acid. 

Aa  tha  prograa  on  guided  niaailaa  axpanda,  tha  ahertaga  of 
traicad  paraonnal  operating  in  tha  field  baeunaa  nora  and 
•ora  critical.  Conaaquantly.  laaa  axparianead  pacpla  are 
handling  highly  oorroaivo  rookat  fUala«  and  the  dani^r  of 
accldanta  ia  iocracaing  proportionately.  There  ia  tharofora 
a diattnet  need  for  auitabla  protection  against  rocket  fuels, 
aaptoially  fUning  nitric  acid. 

The  dasirad  coated  fabric  ia  to  •aat  tha  following  raguiranants, 
listed  in  BJdiibit  "A*  of  tha  aubjaet  eontract. 

A.  Tha  coated  fabrio  ahould  be  rasiatant  to  tha 

fallowing  etaamieala: 

1,  Had  Puaiog  litrio  Acid  (6^  802) 

2.  Mizad  Acids  (Punlnv  Sulfuric  and  Rad  Puelng  litrie) 

3«  Bydrogia  farozida  (9<^) 

Liquid  Oxygen 

5.  PUrfuryl  Alcohol 

6.  Aniline  «d  Purfuryl  Alcohol  (708-30)1) 

7.  Bthyl  Alcohol  (Coanarelal) 

d.  Aniline 

9.  Nonoathyl  aniline 

10.  Hydrasina  (9^48) 

11.  Anhydroua  AHio;ala 

12.  Aenonla  (Coanarelal) 

B.  The  fabrio  afcall  be  flexible  th»  ui^iout  a tanparatura 
range  of  -67'*P  to  ♦157*P*  whan  taatad  in  aooordanca 
with  the  procedure  outlined  in  Specif loatlen  MIL-P- 
Ulh3  (CSAP). 

C.  Tha  fabric  ahall  have  tha  beat  peaalhla  abraalon 
raaistanea,  tacr  atrangth  and  braaidng  atrangth,  and 
shall  not  oaaaa  daraatitis. 
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Urn  oeatlng  whloh  h«a  baan  davalopad  for  jaa  wbaa  h 

appliad  to  a baaa  fabric  la  a pigwntad  bland  of  || 

poljathylana  md  /iatmax  B-80.  Tha  baaa  fabrlo 
aalaocad  la  Vinyon  501*  (4  oa/7d2).  Saeolaa  of 
tha  bland#  oontinuoualy  oalandared  onto  Vlnyoa 
fabrlo 3 prlnad  with  a aolution  (l(>$  aollda)  of 
Vlatanax  B-80  diaparaad  In  toluol*  bava  baan  aval* 
uatad  and  wara  found  to  naat  Um  raquirasanta  for 
tha  eoatad  fabric.  Ihara  ihould  ba  no  eauoa  for 
da matiti  a.  Complota  data  on  tha  fabrlo  ara 
tabulatad  balow. 

(I 

ITocoatad  FaWto  | 

Vinyon  Fabric  (fSOl*  Fll^tax  Corporation) 

Count:  50  X $0 
Wallet:  3*70  oi/aq  yd. 

Thicknaaat  ,007  In. 

Color:  Natural#  un^ad  (yalloM) 

Vaava:  Plain 


Trismr 

18)1  aollda  Vutaoix  E«dO 

diaparaad  In  toluol#  apraad  on  ona  alda  of  fabric, 
balght:  1 .01  oa/aq  yd. 

Thicknaaat  .001  In.  apprexiaataly 
Colcrlata 


ca.*a3i 

60  parta  Vlatanax  B*80 

and  43  parta  polyathylana  (Alathon  A) 

with  5 parta  Tltanox  A and  2 parta  ataarle  add# 

ealandarad  on  ona  alda  of  fabrlo 

balght:  6.49  os/sq  yd. 

Thicknaaat  .008  In. 

Color:  bhlta 

Fiaichad  Fabric 

balght:  11.2  os/aq  yd. 

Thicknaaat  .016  In, 

Color:  Outar  aurfaca#  tdtlta 

Hathar  aurfaca,  yallow 

•Lx,  la  to  ba  notad  that  V’nyon  501  la  lOOd  Vinyon  (polyvinyl 
chlorlda)  and  not  a nlxtura  of  polyvinyl  cfalorlda  md  aorylo* 
nitrila*  which  la  knowi  aa  Vinyon  N. 


I 

r:i 


i 


pn'jwaimwi 
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Rssiitanc*  to  panotration  of  nitrlo 

acid,  houra  axpoanra  bafora  paaaaga  of  2.5  graaa 

HVO^aq.  nalar  40  boura 

Low-Tanpa'-atura  Flaxibllit;  Ho  cracking,  chaeklng 

3.5  howa  at  -80^?  or  atlffnaaa 

Flana-Raaiatanca  burna,  but  difficult 

to  atart 

Taar  Strength.  Ibs/ln.  a»g.  i»arp-5.0  lb*. 

tongaanathod  P1I1>6.0  Iba. 

Adhaaion 

Poll,  2 in/ain  Iba/in.  Uarp-Coating  rupturaa 
(Scott)  in  axcaaa  of  an  aaaraga 

of  2.72  iba.  (Poak-3.4) 

Plll'Coatlng  rupturaa 
in  axcaaa  of  an  a7arago 
of  .60  Iba.  (Faak>.8) 

(b)  Crank  Taat,l/  50turna  ?aaa 

(o)  DuFont  Scrub  Teat  |/  klthatood  200  cpelaa 

bracking  Strength  Iba/in.  Warp-79.5  Iba. 

Average  (Scott)  FlIl-67.2  Iba. 

Beat  Stability 

2 hra.  ^ 153*P  t 2*  Ho  daeonpoaltion  or 

2 hra.  <4  200®P  ♦ 2®  cracking  on  fla’inj; 

ly  crank  Taai  - The  coated  fabric  ia  held  firmly  between  the 
wuB>b  and  forefinger  of  each  hand,  a apace  of  appraximately 
1 inch  la  naintained  between  the  handa.  The  hands  era  than 
moved  sltamately  forward  and  backward.  The  number  of  cycles 
needed  to  causa  a breakdown  of  the  coating  is  then  noted,  which 
indicates  resiatance  to  flexing.  If  the  coated  fabric  survives 
fifty  cycles,  it  is  considered  to  have  passed  the  test 
successfully. 


at  - The  DuFont  Scrub  Tbst,  a mechanised  ver- 
Test,  was  developed  by  the  Fabrics  and  flniahwa 
Department  of  Dufont  to  nssaure  the  "scrub  resistance"  of  a 
coated  fabric.  Ths  fabric  is  placed  in  clssips  which  movo  back 
and  forth  in  opposite  directions  at  a rate  of  110  cycles  per  min- 
ute, which  gives  the  scrubbing  action  to  th-  specimen.  The  num- 
ber of  strokes  is  recorded.  When  a breakdowr  of  coatxn/f  is  noted. 


^ DgFont  Scrub  Ti 
Sion  of  the  Crank 


is  considered  conplete 
Ninth  Edition.  R.  T. 

. 433-435. 


• The  Vanderbilt  Rubber 

V • nde  rbili  ITonpany,  Sjew  York , 
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FolythTl«n»-Vl>t>n>x  Blend* 


The  ec?t«d  fabric  which  has  been  developed  xsndsr  the  subject 
contract  Is  a pigaentad  blend  of  polTeth.  and  Vistansx. 
This  section  of  the  final  report  covers  in  considerable  detail 
the  experiaental  work  leading  to  the  final  product. 

Personnel  of  bright  Field  supplied  for  cur  exaad.natieo  a 
sample  of  Orion*  coated  with  a eoapoundad  mixture  of  polTsthy- 
lens  and  Vistansx  which  was  pigmented  with  carbon  black, 
bright  Field  had  conducted  pemea&iiity  teats  on  variuua 
materials  or  poaaibl*  use  for  protective  clothing*  and  the 
polyethylene-Viatansx  blend  had  shown  eoas  premise.  Teste 
in  our  laboratory  showed  that  the  sample  supplied  by  bri^t 
Field  had  relatively  poor  resistance  to  the  permeation  of 
white  fuming  nitric  acid*  particularly  in  comparison  with 
that  of  plastioised  hel'-F  film.  Steps  were  taken*  however* 
to  prepare  films  of  uncempounded  poly*thyl3ne>Vlaten*x  blends 
for  evaluation  as  nitric  acid  barrier*.  It  was  discovered 
that  mixtures  containing  no  carbon  black  showed  nitric  acid 
resistance  far  aupericr  to  that  of  tb*  material  supplied  by 
bright  Field.  Further  work  revealed  that  carbon  blaok  was 
responsible  for  the  lack  of  resistance  to  the  permeation  of 
nitrie  acid,  a very  definite  synerglam  was  found  to  exist 
batwaen  polyethylane  and  Viatanax*  since  either  materiel* 
by  itself*  exhibited  only  fair  resiatanoe  to  nitrie  acid. 

(Seme  work  hea  baan  dona  on  butyl  •Vie  tanex  blenda  for  use  in 
protective  clothing*  tdxich  la  reported  by  A.  R.  Allison*  as 
noted  in  the  Literature  Survey*  4. Chemically  Raaiatant 
Pretaetive  Clothing.) 

Polvethylene>Vistenex  blends  ware  investigated  further, 
berk  at  this  stags  was  largely  eoneemed  with  the  development 
of  Uiproved  teohni<tuea  for  preparing  aolution««aet  filme  end 
a preliminary  examination  of  films  prepared  by  press -mol ding. 
Preas-molded  polyethylene -Viatanex  films  were  fowd  to 
exhibit  e resistenee  to  nitric  acid*  definitely  superior  to 
that  of  aolution-caat  films  of  similar  compoaition.  This 
Indicated  that  a calendered  coating  would  surpass  a solution 
coating.  Therefore  the  fabrieetisn  of  crated  materials  by 
oa2ender*lng  techniques  was  ioveatigated*  with  particular 
emphasis  on  auoh  requisites  as  cslenderability*  adhesion* 
fleme-resistanes*  freedom  from  blocking*  ere see -re sis tense* 
resietanc*  to  oxidising  agents  end  fuels*  and  the  processing 
of  a ooloreu  fabric.  The  effects  of  pigraenta  and  fillars 
wrre  investigated.  Shll*  various  compounds  were  found  to 
improve  oalendsrability  mtd  to  reduce  blocking*  aoid-resis- 
tanc*  was  also  reduced. 
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Slncd  ehloroaulfon»t9d  polysthyi^n*  (Hypalon  3-2)  off«r«d 
pronis*  aa  a aubatxtuta  for  polyathylanaj  Viatanax-HTpalon 
fllas  war*  praaa-moldad  for  avaluatlon  aa  hlt^o  aoid  barrlara, 
Aoid-raslstanoa  Mas  found  to  ba  nariasdlj  infarlor  to  that  of 
praai-itoldad  polyathylana-Vlstanax  fllns. 

lihan  tha  pl^paantad  bjLand  of  poljathylans  and  Vlstanax* 
oalsndarad  oo  Vlnyon*  was  baiiavad  to  Ailllll  all  nscsssoi*y 
rsqulraManti,  a full-soala  run  on  a produotion  ealandsr  was 
■ada.  Tha  coatad  fabrlo  obtalnad  by  tbs  e slandering  of  tha 
polyathylana-Viataaax  bland  on  Vlnyon  was  usad  in  tbs  fabrl- 
oatlon  of  protaotlva  elouing  such  aa  aallSf  howds  ^svas, 
A study  was  made  of  sultaola  maana  for  tha  protaotlon  of 


lolution-Cast  Pllas 


Tha  Initial  avaluatlon  of  solutlon-oast  polyatbylsoa-Vlstanax 
fllns  was  worthy  of  furthar  Invastlgatlon.  On  tba  basis  of 


axposura  for  a ralatlvaly  short  txm,  a good  dsgraa  of  aold- 
raalstanca  was  obtalnad  and  tbs  flaxlblllty  of  tbs  fllas  was 
axoallant.  Ths  praeadura  (Prooadvara  A,  Appendix)  for 
daUmlnlng  paras  ability  to  fuming  nltrio  aeld  eowlaUd  in 
using  a spaolnsn  aa  a dlaphragn  in  a U-shspad  call  which  was 
dividad  into  two  eaotiona  at  tha  botton  of  tbs  *0**.  Ccnduo- 
tlTity  waUr  was  put  in  half  of  tha  sail,  and  white  fusing 
nltrio  acid  in  tha  other,  Xha  pH  af  tba  oonduetivlty  watar 
was  saasurad  at  Intanrals,  and  tha  pamaabllity  was  ealeulatad 
from  tha  dlnanaions  of  tha  syatan.  Plg\a*a  1 is  a eallbration 
eurve  of  tha  test  osll  usad  in  obtaining  nltrio  aeid  psnstra- 
tion  data.  Tha  calibration  eurva  ralatas  tha  naasurad  pH  to 
t!ia  ^rsiation  rata  xn  graaa  par  aquara  natar  for  whlta 
fusing  nltrio  aoid  through  a taat  naabrana,  Tha  axpariasnttA 
satup  :s  pleturad  in  Piguraa  2 and  3.  Tha  taat  is  ths  gsnsral 
spplioation  of  ths  theory  af  diffusion  (saa  Litaratura 
Survey,  1,  I'amasbility).  Ths  procadura  was  davalopad  by 
tha  laval  Air  Rookat  Taat  Station, 

niss  east  (Proeadura  B,  Appandix)  froa  various  blends  cf 
polyisobutylsn#  (Vistansx)  and  polyattiylaM  for  svslustion 
as  funing  nltrio  aeid  bsrrlsra  showed  naxiaun  rasiatanoa 
in  tha  range  of  70  parts  of  polyathylsos  and  30  parts  of 
polyisobutylaos , with  s deers sss  in  reals tsnca  as  100  parts 
of  polysthylsns  was  raaebad  (Plgura  4).  Parcaabillty  data 
on  a solution-cast  fils  conBrissd  of  70  parts  of  polysthylsna 
and  30  parts  of  Viatsaax  B-dO  are  tabulated  in  tba  Appandix 
Table  1,1,  Vlataaax,  itself,  haa  vary  little  nitrle  aoid 
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r«tlatsne«,  Howvvtr,  it  sarv**  ftn  cxovllcnt  itodlfjln^ 

•gtnt  to  incr««M  t^M  flasibility  of  poljoth/lana  and  rondor 
it  a Bor*  sultablo  £ abrlo-coating  aatarial,  without  roduoing 
its  soid-r«8is tones.  Polysthylsns  fila^  itaslf,  proved  to 
bs  0 very  poor  nitric  odd  borrlsr,  sithsr  wbsn  solution- 
cost  (proeadui's  C,  Appendix)  or  wbsn  eolsndsnd  (yroesdurs 
0>  Ap]^ndix)i  os  will  bo  noted  in  Figure  5 
Appendix,  Table  l*ii  rod  iii.  Figure  6 is  a eoapariaoo 
of  the  rates  of  penetration  of  nltrio  sold  into  various 
Vistanex-polyathylene  blends  and  into  sampler  of  thi  suit 
siAterial  subaitted  by  bright  F'eld.  The  data  upon  which 
these  curves  ard  based  oay  be  Tbond  in  the  Appendix, 

Table  1,  i,  iii,  and  iv  throu^  Tii« 

It  was  fotnd  that  the  difficulties  of  solution-easting 
polys tl^lsns -Vis tsrssz  films  are  priasrily  due  to  the  iosslis- 
billty  of  polyethyieos  in  toluene  et  lower  temper atures. 

Large  precipitated  perticles  of  polyethylene  in  the  finished 
filu  are  foind  to  decrease  the  resiatshoe  of  the  film  to  acid- 
pome  stion.  A second  difficulty  aS  that  of  residual  aoXvent, 
eauaii^  failure  cf  eons  f line  after  relatively  short  expeeure 
(10  to  20  hre.)  to  fuiaing  nltrio  acid.  Since  toluene  ie  net 
reslatent  to  nitric  sold,  any  email  nount  of  solvent  present 
in  the  Him  is  detrimental-  to  eeid-resietenee.  It  wee 
aiacovered  that  after  drying  for  a long  time  at  about  150^, 
tha  aoid-reaistanoe  of  solution-east  films  improved.  However, 
i^ile  it  la  possible  to  remove  the  greater  pex^  of  the  solvent 
by  oven-drying,  the  Lest  saall  frsotion  of  solvent  will  per- 
sist for  ssntlts, 

kith  the  deveiopcent  uf  improved  techniques,  s secoiwl  ssriss 
of  films  was  prepared  (Froosdujre  B,  Appendix)  from  various 
busnds  of  polyethylsne  and  Vistsnex  Ly  the  sclutio«t-«asti:'.S 
mtbod,  followed  by  extending  drying.  Films,  .0C6  to  .00? 
in.  thick,  were  subjected  to  eeld-pe  me  ability  taste, 
feroaebility  of  thi  individual  fiiae  is  shown  in  Figura  7. 

Tha  data  upon  which  tbsse  curves  ars  based  nay  ba  found  in 
ths  Appendix,  Tabis  2,  i through  x* 

Sxeninatlon  of  Figure  7 reveals  that  extended  oven-drying 
dees  have  a faTcrabia  effect  on  eolution-oest  fili.’m.  There 
wee  marked  Improvement  in  Che  impermeability  of  this  eerlee 
of  eolution-eaiit  flLma  over  those  prepared  earlier,  It  is 
apparent  that  Hln  fl32  comprised  of  50  parts  polyethylsne 
and  50  parts  Vlstansx  3-0o  was  most  resistant  to  the  penetra- 
ticn  of  fuming  nltrio  aeid.  however,  in  oonparins  impermeabil- 
ity data  of  solution-cast  films  with  these  of  press-molded 
films.  It  will  be  seen  that  solution-cast  films  still  fall 
far  short  of  dtsLrsbIs  resistance  to  r.ltrlo  sold. 
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VARIOUS  FILMS 
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» 


2,  fw-Mold>d  Fllma 

pt,..-iioi<iing  it  t ^fuiid  trilotd^*” 

tbt  difficult  Its  iJ^^rtptrtd  In  t «lnlmu« 

ntthod,  4 numbtr  of  htnd  !“  ^dJd  flLa»  of  th«  taws 

of  tlwt.  In  tn  tvtlutUon  of  pwtt^^^a  ^^.„,ut*nct 
poljtthylto.-Vltt«n*x  toloodt.  tn. 

Matt  war.  «uch  nor.  not  only  in  th.lr 

dlffarad  from  taa  la  th.  optlaua 

Sp.rlor  xatUtano.  to  o^^rlc  a^d  trie  acid 

ratio  of  Viatanox  to  Poly®^?^*^*  3-00 

raalatane.  wat  ®**^*^“t‘*t^^Jirt?poS«thylan.  and  60  part. 

U.ndt  in  tha  ran*,  of  UO  partt  poiya«y  Vlttanax 

VlttMiax  B^O.  to  20  part.  po^t^l*n*j;d 

B-flO  in  thleknaaa#a  of  .l^nt  alia*  or  aw 
fl.xlblllty  waa  oot.d. 

A ooaplata  a.rl.a  of  niM  ¥M  pr^a«  Yj.tana*  by  th.  praaa- 
froa*  rarloua  bl.oda  of  war.  aubj.ct.d  to  acid- 

p.r«rtlXUJ  «.».  Suh  tl»»  c*«.  •« 

la  ahoan  I«  »•  ,,bl.  3.1  through  *1. 

iolutloo-caat  fliiaa  ar.  aho«n  in  Plfur.  9. 

Fll«  |;*^;pU^/?uSh‘'JtalJtilS^ti'^ltJlo®wid' 

graat  of  nitric  •®^.Pt^*5*  olaatlclJed  K.I-F  fll*» 

. .,»i, «.  — 

Vlatn.x  on  th.  p,  Appandla,  from 

AOld.d  fllma  praparod.  aa  In  Pr«.ow 

a rtalatanc  to  ^*^**^i®  uiat«.*  b-80  (AppandU.  Tabl. 

« ttat  .t  til-  •.!»«  »i“ 

eal.ndarabXll^  ^ it  will  b*  shewn  that  higher 

of  polj.^na^-VijtaMj.  Candor  ability.  Batch., 

molac^ar  ralatlv.ly  small  proportion,  of  Vlatanax 

nSS'SirJ  :rSa5^tirt  Ihoy  couJd  not  oa  cal.ndar.d  on 
fabrics  at  all. 
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EXTENDED  DRYING 


-INITIAL 
SOLUTION 
CAST  DATA 


PARTS  POLVETHYUNE  - 0 
PARTS  VISTANEX  B SO-  ICO 


riG. 9 -COMPARISON  BETWEEN  PRESS-MOLDED 
AND  SOLUTION -CAST  FILMS 

NITRIC  ACID  PERMEABIUTY  VS.  COMPOSITION. 
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Zt  «(U  41ioov«nfd  that  praaa-moldad  fllaa  containing  high 
■olaoular  wight  Vlatanax  B-120  ihowad  sona  Improvanant 
In  a<>!.i-f«slstanca  otrar  thoaa  oontaloing  Vlatanax  3-dO. 

praparad  fron  varioua  blanda  of  polTathylana-Vlatanax 
Z-120  ahowd  aoaa  (induction  In  aold>panatratloQ  for  a 
parlod  of  tlna  \ip  to  awout  aavanty-flva  houra  (Appandix* 
Tabla  U*vl  throu^  lx)  with  Inerasalng  proportiJna  of  Via* 
tanax  B-I20.  Tha  prMabllltj  of  a flla*  .003  In.  «hiok» 
ccaprisad  of  50  parta  polyathjlana  and  50  parta  Vlatanax 
B*120  (AppandlXf  T«bla  4>vii)*  la  eoaparlson  with  that 
obtalnad  with  tha  eorraapondlng  bland  of  poljathjlana  and 
Vlatanax  B*80  (Appandlx,  Tabla  3*vi)*  la  Indieatad  In 
Flgura  10. 

Bowvarf  whlla  high  nolacular  wight  Vlatanax  B-120  provldaa 
a ana  ia^rovanaat  ^n  raalatanea  to  aeld-panatration*  It  alaa 
laada  to  aa  Incraaaa  in  tha  narva  of  a givan  bland.  Polj* 
a thy  la  na -Vlatanax  B*120  blanda  warn  axtranaly  narry*  which 
■ada  prooaaalng  difficult.  A graaV  daal  of  anargy  waa  ra* 
qulrad  to  ahaat  Into  fllaUf  batehaa  containing  aa  llttla 
aa  UO  parta  Vlatanax  B*100  and  B*120.  Again*  It  waa  dla* 
ooaarad  that  It  waa  Inpoaalbla  to  obtain  ealandarad  aaaplaa 
of  eoatad  fabrlea  with  tha  B*120  bland.  Tba  uaa  of  Vlatanax 
of  a hlghar  aolaoular  weight  than  that  of  Vlatmax  B*30  waa 
tharafora  oonaldarad  to  ba  lapraotleabla. 


Vlatanax-Hypalon  Pllaa 

Slnric  Hy^wlon  S*2  (ehloreaulfonatad  polyathylana ) waa  of 
Intaraat  aa  a poaalbla  aubatltuta  for  polyathylvna*  two  aata 
of  fllitc  .OOd  Inch  thick*  wara  praparad  by  tha  praaawoldlng 
■athod  from  aarloua  blanda  of  Hypalon  &*2  and  Vlatanax  B*3o* 
for  a valuation  aa  nitric  acid  Bwriara.  Goa  aat  waa  nlxod 
and  (raaaad  In  tba  a ana  annar  uaad  with  tha  polyathylana* 
Vlatanax  blanda.  To  tha  otbar  aat*  two  pareant  of  aino  oxlda* 
baaad  on  tha  Hypalon*  waa  added  to  actlvcta  tba  oura  of  tha 
Hypaloc.  Tba  aold«raal8tanea  of  tha  atrulght  Vlatanax* 
Hypalon  S*2  fllna  aa  wll  aa  tha  fllns  eontalnlng  aloe  oxlda 
waa  marindly  inferior  to  that  of  polyathylana  •Vlatanax 
fllna  (Appendix*  Tabla  5«1  threu^  xAil). 


In  Figure  11*  aold*panai ability  of  fllna  obtalnad  f^w  varloua 
Vlatanax*HypAlon  S-2  blanda  la  plottad  aa  a function  of  bland 
conpoaltlon.  For  purpoaas  of  eonparlaon*  aoaa  of  tha  poly* 
a thy  la  no  *Vla  tanax  data  are  alao  plottad.  Aa  indieatad  In 
Figure  11*  Via  tana  x*Uypalon  3*2  blanda  mow  only  alight 
raalatanea  to  nitric  aold  panatratlon.  Tha  addition  of  tine 
oxlda  glvaa  no  aubstantlal  laprovanant. 


I 
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FIG.IO-THE  EFFECT  OF  THE  MOLECULAR  WEIGHT 
OFVISTANEXON  THE  NITRICACID  PERM- 
EABIUTY  OF  PRESSMOLDED  POLYETHYLENE- 
VISTANEX  FILMS  [.008^'] 

so  PARTS  POLYCTHYUENE  - SO  PARTS  VISTANEX- 
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1 — VISTANEX 
I POLYETHYLENE 


"HYPALON" 

VISTANEX 

zno  ^ 
N/^ 


HYflALON- 

VISTANEX 


PARTS  VISTANEX  B-eO~0  50  100 

PARTS  HVPAI  ON COO  50  0 

Cpolyethylene] 

FIG.II-THE  EFFECT  OF  BLEND  COMPOSITION  ON 
THE  NITRIC  ACID  PERMEABILITY  OF  PRESS 
MOLDED  HYPALON-VISTANEX  B-80  RLMS-.ooa- 
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3«T«r*l  filns  ware  alto  praparad  from  various  blattds  of  Hypalon 
S«2  and  poljathylana * in  tha  sana  mannar  at  abova.  Thasa, 
too«  thowad  nagligibla  raaistunca  to  nitric  acid  (Appandlx* 
Tabla  5*  xiv  throu^  xvi). 


3.  Expariwental  Coated  Fabrics 

a,  Calandarability  Studies  oo  Pilot-Plant  Calendar 

In  datamining  .tha  optinum  combination  of  polyathylana  and 
Viatanax  for  tha  davalopmant  of  a coaled  fabric  which  would 
oatisfy  tha  raquiramants  of  tha  contract,  it  was  found  that 
ona  important  variable  was  tha  composition  tdiich  could  ba  easily 
ealandarad. 

Tha  initial  method  used  in  calendaring  tha  blends  on  tha 
bass  fabric  was  tha  standard  calendar -coating  proeadura  where- 
by a length  of  fabric  is  fed  continuously  through  tha 
oalandar  rolls*  Tha  relative  ealandarabllity  of  batches  was 
Judged  on  tha  baaia  of  pickup  and  ease  of  calendaring.  Most 
of  tha  blends  evaluated  by  tha  use  of  this  method  ware 
adjudged  *'poor  ealandarir^". 

Until  tha  techniques  of  continuous  coating  could  ba  developed, 
it  was  nacassary  to  use  a second  method  to  obtain  smell 
saoplas  (approxjjiataly  k in*  ^7  k in.)  for  evaluation  of 
aoid-Fasiatanca.  In  this  method,  after  tha  blond  was  banded 
smoothly  on  tha  middle  roll  of  tha  calendar,  a sample  of 
fabric  (approxiioatoly  6 In.  by  12  in.)  was  fad  into  tha  bite 
between  tha  two  lower  rolls,  bhen  the  fabrlo  was  about  halfway 
through  tha  rolls,  tha  calender  was  stopped  and  tha  smaM 
sample  of  coated  fabric  was  loosened  from  the  middle  roll, 
bhsn  tha  oalandar  was  started  again,  the  whole  sample  could 
easily  be  pulled  free.  For  purposes  of  laboratory  evaluation 
of  smaplas  for  nitric  acid  rasistanca,  tha  "start  and  stop" 
amthod  of  calendar-coating  was  adequate. 

Preliminary  work  on  the  calendar-coating  of  Dynel  and 
Vinyon  Pabrie  f501  was  carried  out  with  blends  of  polyethylene 
end  Viatanax  B-oO.  In  one  case,  Vistwax  B-lOO  was  used. 

Tha  middle  roll  of  tha  calendar  was  heated  to  23S"F  in 
all  runs.  C-lendsr ability  on  Vinyon,  as  affected  by  varia- 
tion in  the  molecular  weight  of  Vxstmax  and  by  the  presence 
of  pigments,  is  tabulated  on  tha  following  page. 
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Batch  Conposltlon 

Pickup 

Adhesion 

50 

50 

parts 

parts 

Vlatanax  B-80 

Alsthon  A 

Good 

Oood 

60 

40 

parts 

parts 

Vlatanax  B-dO 

Alathon  A 

Oood 

Good 

70 

30 

parts 

parts 

Vlstsiax  B-80 

Alathon  A 

Fair 

Pair 

80 

20 

psrta 

parts 

Vlatanax  6-80 

Alathcn  A 

Poor 

Poor 

VAVA 

OO 

parts 

parts 

VlatsMX  B-lOu 

Alathon  A 

Poor 

Poor 

13 

54 

33 

parts 

parts 

parts 

Vlatanax  B-80 

Alathon  A 

Tltsnox  A 

Pair 

Pair 

27 

27 

46 

parts 

parts 

parts 

Vlatanax  B-60 

Alath-n  A 

Hl-SU 

Pair 

Pair 

Toot  to  good  eslondorlng  eh«raot«riatioa  war#  ofeMrvad  with 
tha  aLcvs  batcbas.  Tha  Incraaaad  aolaoular  wal^t  of 
Vlatmax  B>100  radiioad  tha  oalandarability  of  tha  $0-50 
bland.  Saall  aa«plaa  of  tha  optlAva  blanda  ealaodarad  on 
fabrics  show?d  tha  saaa  ooatoxnatlon  of  propartias  as  tha 
prasa-Moldad  films,  l.e.,  good  ae ld>rasls t anoa  and  axesliant 
flexibility.  Polya thylona-Vlstanax  blands  calandaiad  on 
Vlnyon  forMd  suocassful  barriars  for  fusing  nltrlo  sold,  with 
fllss  of  thieknassas  of  saran  nils,  or  nora,  on  saaan  alls 
of  fabrio. 

Baoauaa  of  tha  nsrra  of  batehsa  containing  larga  proportions 
of  Vlatanax  B>dO,  tha  coatings  wars  applied  to  tha  fabrics 
undar  high  stress.  Whan  tha  coating  laft  tha  oalandar,  it 
ralsxad  causing  sxcosalva  pucioarlng  of  the  bass  fabric. 

In  the  prooasslng  of  ns  ray  batohas,  aolutlon-coatlng  has  a 
distinct  adaantai^  ovar  calendaring.  HowaTar,  since  solution* 
oast  fllss  did  not  glra  eonslstantly  good  sold-raslstanco. 


f 

I 

I 

f 


ji 

si 
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Mthoda  of  e*l*n4*ring  toohnlquos  bod  to  b* 

M^Iopod.  Hothods  for  handling  OTnihotlo  fabric*  alao  had 
to  bo  ovolvod.  For  axaaplo,  Dynol  fabric  waa  found  to  diatort 
at  tha  upper  ealandaring  taaporaturaa. 

Tta  diffleultiaa  aneountarad  ara  apparontlp  quit*  aanaral 
throu^out  tfao  fabric -coating  Induatrp.  It  waa  boliavad 
that  th*  addition  of  lower  aol*oul«r  woight  polyo-thn^na,  of 
th*  papor-eoating  t/po*  night  aaoliorata  th*  nor?*  of  given 
batohaa.  Uowavar*  work  in  this  dtraotion  ravaalad  that 
Alathon  VII  raddead  th*  aoid-roaiatano*  of  poiyatUjrlana- 
yiatamx  blacda.  Pig^nta  inprovad  procaaaing  oharaetariatiea 
alao  radueod  aeia-r*alatano*. 

Continuoua  aalandar-ooatlng  of  polpathvlena-Viatanax  bland* 

■uat  b*  •arriad  out  with  proper  control  of  oalandar-roll  t*tgp« 
avatur*  and  apaedandth*  proper  prahaating  of  th*  oonpoai- 
tion  on  th*  mill.  Tha  ealandar-roll  tanparatiraa  raquirad 
ara  largalj  dapandant  on  th*  <»rva  of  tha  batch  to  b*  oalandarad. 
Bichax*  tanparaturaa  are  raquirad  to  calendar  batch**  aontain- 
ing  ineraaaing  proportion*  of  Viatanax  h-0O>  and  batotea 
confining  avan  ralativaly  anall  proportion*  of  Viatanax 
B-lOO  cannot  ba  oalandarad  at  all. 

Bine*  it  waa  thou^t  that  plaatie  flew  night  ba  a aaaaura 
^B*  aasa  of  e ala ndar ability  of  varlcua  polyathylana- 
Viatanax  blaoda*  a aariaa  of  plaatlolty  ntaabar  datarntmuiona 
waa  node.  It  waa  found*  hewavar*  that  no  hii^  dagraa  of 
oerralation  aaanad  to  axlat  batwaan  flow  eharaotariatia*  and 
•aa*  of  proeaaair^. 

In  an  avaluatioo  of  th*  parfomanea  of  varlou*  bland*  on  a 
pilot-plant  ealandar*  it  waa  found  that  ataarie  acid  *at«d  *• 
a plaatieising  aid*  in  that  it  laaaanad  retraction  of  tha 
bland  and  provided  battar  ralaaa*  frooi  U»  ealandar  roll*. 

Vo  appraoiabi*  chang*  in  raalatanoa  to  nitric  aold  waa  noted 
in  blanda  containing  up  to  five  pareant  ataarie  acid. 

b,  Adhaalon  to  Fabric 

One  of  th*  problan*  in  tha  calendaring  of  coating*  on  cloth 
ia  that  of  obtaining  adaquat*  adhaaion.  In  an  a* fort  to 
inprov*  th*  adbaaicn  of  poIyathylana-Viatnnax  bland*  to 
faoriea*  it  waa  found  that  narkad  ii^provanant  waa  obtalnad 
by  pjTimit^g  Vioyoa  fabric  with  a aoiution  (iCji  aolida)  of 
Viatanax  B-90  diaparaad  in  toluol,  Th*  f3a  xlbillty  of  tha 
fabric  waa  Mlntainad  with  vary  little  loac  after  ealandaring. 
Contrary  to  axpactatlon*  laathylan*  bla  (U  phanyl  laocyanata) 
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had  ah  advaraa  affoct  cn  adh«alon>  and  Inpartad  boardioata 
to  uncoatad  faorica. 

Exparlaanta  ware  oonductad  to  dataraine  tfaa  adhaalon  of 
axparliaantal  coatings  to  various  types  of  prizsad  Cynal  and 
Vlnyon  fabrics  by  paal  stripping.  It  was  found  that  the 
adhaalon  was  graatar  than  the  fila  strength  of  the  coating. 

All  fllaa  in  thlcknasaas  of  ali^t  and  twsnty>fiva  alls  ruptured 
before  any  readings  could  be  taken,  knan  a flla  thickness  of 
firty-fiva  .’•Ha  was  used*  the  highest  vali»s  (4*1  lbs. /In.  in 
the  direction  of  the  warp  anc  b.u  lie. /in.  in  the  direction 
of  the  fill)  were  obtained  with  Vinyon  (f^lgbtax  Corp. ) 

Style  f5C5  which  contains  Vinyon  fibers  in  the  warp  and 
Dyrwl  fibers  in  the  fill,  Valvaa  of  2.6  lbs. /in.  (warp)  and 
4.7  lbs. /in.  (fill)  ware  obtained  with  Vinyon  (Fll^tax  Carp. ) 
Style  v501  tdiich  is  100  percent  Vinyon.  Interns  diets 
values  were  obtained  with  Dynel  (U.S.  Rubber  Co.)  Style 
902.F  and  Dynel  (U.S.  Rubber  Co.)  Style  X-51U2. 

0.  Flaae-Resistance 

In  the  coated  fabric  Industry^  oertain  plgmnts  are  used  to 
iaprove  f lane-resiataace.  Experinenta  with  polyethylene* 
Vistanex  blends,  however,  revealed  that  noet  pigtsents  de* 
creased  the  aold-resistnnco.  A number  of  pignants  eomonly 
used  aa  fl  ne -retardant a vere  evaluated  but  were  found  to  be 
of  no  value  in  tha  quantitiaa  enployad. 

A study  of  the  use  of  d.no  oxide,  bisnuth  trioxide.  Carbon 
Black  F*33.  Kel'F  Wax  tlSO.  Titanox  A.  antimony  trioxlda. 

chloride,  wtd  sine  borate,  alone  end  in  eoabioation. 
revealed  that  avan  excessive  asiounte  of  these  nateriele  wwuid 
not  Impart  fleeie-reeietanoe.  FlNse-retardanta  were  addsl 
(Proced^e  0.  Appendix)  to  previously  milled  polyethylene* 
Vistanex  blends  on  a laboratory  mill.  The  flsemability  of 
those  mixtures  was  compared  with  that  of  previously  millad. 
unfilled  polyethylene-Viatonex  blende  th  ich  had  been 
calendared  on  Dynai,  In  two  caeoe.  blends  eonaiating  of 
So  pvts  Vistanex.  20  pwrts  polyethylene  end  40  parte  titanium 
dloxida  tMre  placed  over  Vinyon  and  Dynel  fabrioe.  and  tha 
components  were  subjected  to  65  pel  at  260”?  in  a hydraulic 
press  (Procedure  0.  Appendix).  The  resultant  coated  f abrlcs 
were  brought  into  contact  with  a flame,  and  their  degree  cf 
flammability  was  noted.  The  suite  of  the  teste  are  given 
in  Table  7 in  the  Appendix. 

All  blende,  filled  and  unfilled,  supported  coshuatlon.  Tha 
f lamo-reaiatanoe  of  Lyndl>backed  coated  fabrica  prepared  without 
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piQMnts  ¥•■  fouad  to  b*  onlj  fair.  7111  ad  bland*,  c*&and«r«d 
on  D7T!*1  and  Vlnyon  baekln^^a,  did  not  burn  raadllj  Nhan  brought 
into  contact  with  flana,  atjd  ahowad  aona  tandanej  to  ba  aalf- 
axtlngulahing.  Som  f laaa-raaiatanca  waa  iapartad  to  ^ha 
blond*  through  tha  luaa  s.r  Dynal  and  Vlnyon  aa  oupportln®  fab- 
riea.  'Jha  uaa  of  Dynal  and  Vlnyon  1*  prafarabla  to  tho  usual 
fleaaproofing  nathoda,  for  tha  raaaon  that  It  In  no  wa^  lupalra 
th*  proipartiaa  of  tha  protaotlv*  coating. 


Tb*  dagraa  of  blocking  of  ptnparad  coatad  fabric*  tie*  datar* 
nload  In  accordanoa  vd  th  A.3.T.M.  Standeucd  Method  U 884-46. 
Vlnyon  and  Dynal  fabrics,  aal*nd*r>coat*d  with  polyathyl*n*> 
Vlatanax  bland*  containing  frota  $0  to  80  part*  Vlatanax  a-30 
*Dd  20  to  50  part*  pol;^thyl*na,  warn  auparlqpoaad  (Proeadura 
H,  Appandix)  to  obtain  thra*  poaaibl*  aurfac*  ooablnationa 
(coating  to  coatlrig,  coating  to  backing,  and  backing  to  backing), 
Bach  coatpoait*  wais  condtionad  in  a drying  ovah  for  24  houra 
at  a tanparatur*  of  125'’P  and  a praaaura  of  1.3  psi. 

Znaraaaad  proportion*  of  Vlatanax  h-80  producad  a corraapondlng 
ineraaa*  in  blocking.  Saaplaa  containing  70  «d80  part* 

Vlatanax  3-80  praaantad  aarioua  blocking  problana,  although 
pravtoua  inveatlgatlon  had  ahown  than  to  b*  moat  real* tent  to 
ih*  paaaag*  of  nitric  acid.  Jlo  blocking  waa  evident  In  any 
cf  th*  thro*  aurfac*  combination*  of  fabric*  containing  %0 
and  60  part*  Vlatanax  in  th*  coating.  Calendared  fabric* 
eontalnirm  no  nor*  than  60  parcaot  Vlatanax  B-80  war#  fr** 
fror  blocking  and  war*  very  f^xible.  Th*  incorporation  of 
plgnanta  in  poly* thy leo* -Vlatanax  blanda  reduced  blocking 
but  I'kiwia*  r*duo*d  raalatane*  to  nitric  acid. 

Although  th#  dacmaa*  in  blocking  cbaraet*riatiea  afforded  by 
th*  uaa  of  polyathylana-VlatnMX  blanda  containing  50  and  60 
part*  Viatanax  waa  offset  by  an  Incraaaa  in  aoid-pamaability, 
auffieiant  aoid-raalatane*  waa  obtained  for  th*  uaa  of  such 
bland*  in  fabric  coatings.  Th#  optiaun  bland  we*  foxond  to  b* 

UD  part#  polyethylan#  and  60  part*  Vlatanax  b-80,  Thl*  bland 
ha*  adequate  aoid-rasiatane*  (40  hours),  is  rsadily  calendared, 
poaaaaiiaa  axcallant  flaxibility,  and  presents  no  blocking 
problana.  Tha  us*  of  talc  is  reconmandad,  howavar,  to  prevent 
any  tendency  toward  blocking. 


WADC  TR  5U-93 


Salectlon  of  Burning  M«t«rlal  for  Pol?»thyler.(i«Vl>t»n«a  Slar.i 

Sine*  all  of  tlM  coating*  axcapt  plaatlciaad  K*l-F  allowad 
ion*  acid  to  panotrata,  it  waa  daairaOl*  that  th*  fabz*io« 
itsalft  hav*  aom*  acid-raaiatanca.  Tha  aalactlon  of  tht 
optimun  fabric  (Vinyon)  waa  tharafora  beaad  on  dagr«*  of 
acid-raaiatanca  aa  wall  aa  conforraanca  to  Spaoif ication  MIL- 
P-4143(USAF) . Vinyon  not  only  naata  th*  raquirananta  of 
Spacification  MIL-P-4143(USAP)  whan  uead  aa  a baa*  fabric* 
but  alau  pw*i»«aaaa  cgncilorcbla  rsaiatanc*  to  nitric  acid. 
Horaovar*  Vinyon  ia  flaraa -raaiatant  and  raducaa  tha  flataouibilit/ 
of  tha  coatad  fabric  appraciably,  Laatly*  Vinyon  exhibit* 
battar  tamparatura -at ability  at  calendaring  taaparaturaa  than 
aons  of  th*  other  tharaoplaatio  fibara. 


a.  Craaaa-Raaiatanca 


In  ordar  to  aiaiulat*  tha  affect  on  clothing  of  folding  and 
ataeking  in  pilaa*  a era  aa* -raaiatanca  t*at  waa  daviaad  in 
idiich  tha  coatod  fabric  waa  hung  ovar  the  adga  of  a thin 
ek3tal  ahaat*  with  hundrad-graa  wai/:^tc.  Aftar  th*  ooat*d 
•id*  of  th*  fabric  had  ba«n  in  contact  with  th*  adg*  of  th* 
natal  for  24  hours  at  12$*^*  tha  fabric  waa  tumod  av*r  and 
tha  t*at  waa  rapaatad.  The  craaaed  aaetion  waa  than 
aubjactad  to  tha  r«gular  paraaability  teat. 

Th*  r«*ults  which  war*  obtainad  indlcatad  no  roductlon  in  tha 
raaiatanca  of  tha  coatad  fabric  to  nitrio  acid.  That#  find- 
ing# do  not  oorraapond  with  thoas  laportad  in  th*  ea^a  of  th* 
poly*  thy  Ian* -Viatanax  coatad  fabric*  nanufaeturad  by  tha 
tJ.  S.  Company  for  th*  Quartamaatar  Corpa*  in  which 

th*  coating  waa  aaid  to  hava  flotfad  away  from  tha  eraaaaa* 
in  storngc.  and  acid -raaiatanca  waa  daatroyad.  In  this 
instanea*  tha  suit#  may  har*  bean  paokad  in  balaa.  duoh 
treatment  would  nacaaaerily  load  to  axtanaiv*  wrinklaa  and 
eraaaaa  in  which  tha  coating  would  ba  aarioualy  iapairad. 
Since  noat  of  the  polyiaobutylanaa  are  aubjaot  to  a certain 
amount  of  cold  flow*  suit#  mad*  from  fabrics  coatad  with  a 
poly*  thy  Lena -Viatanax  bland  should  b*  handlad  as  gamant*  and 
pacimd  with  so«na  car*.  It  would  ba  adviaabl*  to  diat  th* 
suits  with  talc  oafor*  storage. 


f.  Raaiatanca  to  Oxialxlni 


>nt.a  and  Puala 


Tha  ganaril  raaiatanca  cf  tha  coatad  fabric  to  th*  action  of 
various  oxidising  a.^*nta  and  fuels  which  mi^t  ba  used  in 
guided  miaailas,  waa  dstaminad.  Samplas  of  th*  coatad  fabric 
wars  placad  in  baaksrs  containing  mixed  aoida  ( 15>  fuming 
sulfuric  and  rad  fuming  nitric),  hydrogen  oaroxld*  (‘^C5k), 
furfuryi  alcohol,  anllin*  and  furfuryl  alcohol  , 
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•thjl  aleohol  (oorvMrcial)«  ftnliina , monoathylanlllna,  and 
•mfflonla  (oommarelal) . Tha  raaults  which  ware  obtains d wars 
favorabla.  In  all  caaaa.no  avidanca  of  daeompoai*. ion  of 
coating  was  notad  -if tar  a 160-hour  axposura. 

It  should  ba  pointed  out  that  in  tha  tasting  of  samples  uf 
tha  ooatad  fabric  by  immarsion,  taa  fabric  is  exposed  to  tha 
chemicals  as  wall  as  the  coating.  Fabric  decomposition  was 
first  noted  aflar  aix  hours'  exposure  to  aniline  as  wall  as 
nixed  acids  (15%  concentrated  sulfuric  acid  and  65%  red  fusing 
nitric  acid).  Fabric  failure  occurred  after  Ud  hours'  expo- 
sure to  a mixture  of  7C%  aniline  and  3^  furfuryl  alcohol. 

g,  Proeaasing  of  a Colored  Fabric 

Urig^t  Field  had  expressed  a desire  for  a white  suit  to  be 
used  in  tropioal  areas*  and  a green  suit  to  be  used  in  cooler 
regions.  It  was  found  that  a aatiafaotorF  tdxlte  color  could 
be  obtained  by  the  use  of  those  pigaents  which  hare  hi^ 
tinting  strength*  such  as  titanium  dioxide*  in  amsll  enough 
guantitiea  to  avoid  undia*  raduotion  in  acid-resiatanoe  (5  parta 
per  100  parta  of  blard). 

In  developing  a grean*  eoatad  fabric*  an  investigation  waa 
carried  out  to  determine  the  effect  of  using  an  unpigaentad 
polyethylane-Viatanex  blend  over  e fabric  tdiich  hed  been 
dy*d  green.  An  unpigmanted  blend  of  60  ports  Vistanax  b-60* 

^^0  parta  poXyothylana  (Alathon  A)  and  2 parta  stearic  acid 
on  Vlnyon  Fabric  #505  (blue-green)  resulted  in  a flnishad 
fabric  havir.g  a uniform,  blua-green  color.  It  it  balls ved 
that  a coated  fabric  can  be  produced  in  any  color  darired* 

*he  use  of  the  polyethylene -Vistenex  blend  on  a props riy 
d^d  base  fabric. 


I4,  Production  Calendering  of  Blond  on  Fabric 

a;  tha  time  whan  samploa  of  polyethyla.!»>Viatanex  blends 
produced  on  e pilot-plent  calender  on  primad  Vinyon  Fabric 
y501  were  found  to  mast  the  requirenants  of  a eoatad  fabric 
for  use  in  protactive  clothing,  arranganmnts  '*re  mads  with 
the  Uodgman  Rubbar  Compeny  in  Framingham*  ,husetts*  for 

the  production-calendering  of  2h0  yards  of  . /on  fabric. 
Several  visits  ware  made  there  to  eeleet  the  optimum  oompo- 
eition  for  calendering  in  production  quantities.  In  a 
study  of  tha  performance  of  blends  on  the  calender,  Hodt^man 
Rubber  suggested  that  stearic  acid  be  used  ea  a processing 
aid  to  reduce  tha  nerve  of  the  stock.  Laboratory  investigation 
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subs«qu«ntly  7«v*al«d  that  ataarlo  acid  could  b*  ua«d  in 
quantitlaa  up  to  fiv«  percent  without  any  appraciabla  offset 
on  tha  raaiatanoa  of  the  fabric  to  nitric  acid. 


A final  sslaction  of  tha  optiaua  polyathylana-Viatanax  bland 
for  a production  run  waa  made  on  tha  baaia  of  calandar ability* 
acid-raalatanca  and  lack  of  blocking.  It  waa  daeidad  that  a 
aixtura  of  60  parta  Viatanox  B-dO*  parta  poljathylana* 

5 parta  titaniua  dioxide  and  2 parta  ataario  acid  would  ba 
uaad,  A aaaUr  batch  of  tha  nixtura  waa  pra pared  and  aant* 
togathar  with  tha  Vinyon  and  aufficiant  Viatanax  D>bO 
aolution  (lS]i  aolida  in  toluana)  aa  prlnar*  to  tha  Hodgaan 
Rubber  Coopany. 

Cn  June  2$«  19b3*  the  two  hundred  and  forty  yarda  af  Vinyon 
F.orlo  #501  ware  auecaaafully  calendared  on  production 
a<wulpMiot.  Mo  production  difflcultiea  weire  ancountared  ia 
either  tha  priming  or  tha  calendaring  oparatioo.  Tha  fabric 
waa  prooaaaad  on  a four-roll,  Parr«l-3ira.iQ^M  calendar,  at 
tha  rata  of  20  to  2$  yarda  par  minute,  Caiia  ndaring  oonditiona 
were  aa  follewa: 


Temperature  of  tha  Rella 


fop  Roll,  260*# 
second  2oll,  273*P 
Third  Roll,  270*P 
Bcbtcm  Roll,  190*F 


Uai^t  of  frimar 


Vialvht  of  Folyethylana- 
Viatanax  Coating 


1.0  - 1.25  ouncaa 
par  aquare  yard 

5-6  ouncaa  par 
aquare  yard 


Tha  polyethylena -Viatanax  coating  waa  dapoaitad  amoothly 
aeroaa  tha  baaa  fabric,  and  waa  of  miform  thieknaaa.  hhan 
tha  finished  fabric  waa  aubjaoted  to  tha  Dufont  Scrub  Teat, 
it  :;ithatood  <00  ryelaa,  indicating  that  tha  coating  waa 
not  only  well  adhered  but  poaaaaaed  axeellant  atrength. 


Inapaction  of  boated  Fabric 

Ohfortmacaly,  a faw  pinhole  a sere  aeident  in  tha  coating. 
Soea  of  thaae  had  apparently  bean  oauaad  by  contamination 
from  aaall  aatallie  particlsa  which  had  bean  picked  up  in 
tha  milling  operation.  TWata  ware  mn  on  aanplaa  of  tha 
coated  fabric  both  oafore  -nd  after  repair  of  tha  pinholes. 
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to  dotomlM  tho  dogroo  of  roaiatoaeo  to  nltrlo  aeld.  It 
vaa  found  that  aaaplaa  eontainiog  ainuta  pioholaa  tdileb  bad 
not  baan  rapalrad  withatood  axpaa«u<a  to  nltrlo  aold  for  a 
pa  Plod  of  about  10  houra  bafora  paraaation  of  2.$  gr*m»  i»r 
a(tuara  aatar  oecurrad.  Saaplaa  eontalnlng  pioholaa  whloh 
had  baan  rapalrad  withatood  axpoaura  for  a parlod  of  30 
houra  bafora  2.5  gmaa  of  nltrlo  aeld  panatratad  through 
tha  fabrle#  whloh  la  naarlj  aoiilvalant  to  tba  parfaet  aatarlal. 

In  rapairing  tha  pioholaa*  tha  eoatad  fabrle  waa  Inapaotad  by 
paaalog  It  oaar<a  wlra  frama  with  alaetrle  llghto  undamaath* 
which  provldad  affaotlra  naana  for  vlaual  Inapaetlon  (71mira 
12 }•  A drop  of  ealandarad  polyathylana-Vlatanax  bland  dla- 
paraad  la  xplaoa  waa  plaead  ovar  aaoh  plnhola  and  waa  allowad 
to  •ir>dr7.  lha  treated  aurfaoa  waa  than  haat-aaalad  bp  aaana 
of  a aoldarlng  iron*  plaead  In  eontaet  with  a plaea  of 
Teflon  idileh  waa  laid  diraetlp  over  tha  plnhoLa. 

ktMn  tha  plnhAlaa  had  baan  rapalrad*  a auf flelant  quantlt;  of 
tha  eoatad  fabrle  waa  a hipped  to  tha  aanufaeturlng  plant  of 
S.  Froalleh  k dona  In  Saw  London*  Ceoosetiout*  wlta  whoa 
arraqgaaMnta  had  baan  nada  for  tba  fabrleatloo  of  protae* 
tlva  aulta. 

5.  Fabrleatloo  of  frotaetlea  Clethlng 

lha  axparlanea  of  nanuf aetu*era  who  have  a^da  artlelaa  of 
eoatad  protaatlva  elcthlng  or  f oul>waathar  gear  whleh  auat 
paaa  a hpdroatatle  taat  haa  baan  that  the  greataat  dlffloultj 
•neountarad  la  that  of  obtalnlsg  tight  aaaaa.  Raeognlalng 
thla  problan*  Tha  Coonaetleut  Hard  Rubber  Coaipanp'a  firat 
r^PFOddh  to  tha  nattar  of  fabrleatlog  elothlog  waa  an  aeaiua* 
Uoo  of  eathoda  of  protaetlng  tha  aacna.  Thia  la  oauallp 
aeeoapllahad  bp  aaana  of  aolvaot  aelutlon  eoatlnss  which  ara 
aoooonloal  and  aaaj  to  applp.  eowaear*  aolvant  aelutlon 
eoatliiga  wara  not  daalrabl#  for  uaa  in  thia  eaaa*  alnea 
poljeti^Xana-Viataoax  aelutloea  can  onlp  ba  uaad  hot  (160''F) 
and  tha  gamant  nuat  oa  bald  at  160*F  In  ordar  to  obtain 
eraek-fraa  filaa. 

A Tlait  waa  paid  to  Mr.  F.  Ihiaka  of  Broolca  Brothora.  Nr. 

Ihiaka  had  foraarlp  baan  aaaooictad  with  tha  Zntamational 
Tailoring  Coapany  which  had  aada  a great  amp  ralneoata 
and  foul-waathar  gaar  for  tha  Vavp.  Ha  daaoribad  tha 
problaiaa  which  had  to  ba  oTareoaa  in  ordar  to  obtain  aaaaa 
In  tba  garaanta  ibleb  would  paaa  tha  hpdroatatlo  test* 

Nr.  Ouaisa  aui^aatad  that  tha  aataa  of  tha  aold^raalatant* 
protaotlT#  aulta  ba  tapad  and  alao  ba  haat^aaeled  bp  Mana 
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of  «n  oloctrleally  faaatod  roller  with  a raeaasad  area  in  the 
center  ao  that  no  preaaure  would  be  applied  to  the  aean* 
Itaelf,  during  the  sealing  operation.  Otherwise , aopie  of 
the  adhaaiee  would  be  aqueeaed  out  froai  under  the  tape. 
Hbi^oTer/  the  heat  might  damage  the  atitehlng.  In  accor- 
dance with  hia  auggpationa*  a nvoiber  of  teata  were  run  on 
the  poel-atrength  of  taped  aeaae.  Both  unsupported  polyethy- 
lene -Viatanex  film  md  two-aide  coated  fabric  were  evaluated 
ae  the  tape  material.  Both  were  found  to  be  equally  eatiafao- 
tory. 


a.  Pretection  of  Seaaa 

Iftien  the  actual  fabrication  of  articles  cf  protective  eloth- 
ing*  auoh  as  sleeves  and  gloves*  was  initiated  in  the 
laboratoiy*  special  consideration  was  given  to  the  problem  of 
maintaining  the  nitric  acid  barrier  at  the  seasui.  The 
initial  laboratory  workwa  conoemed  with  an  evaluation  of 
methods  and  materials  for  protecting  seams  which  had  been 
sewn  by  hand  with  Vinyon  thread.  In  the  meantims*  arrange- 
ments had  been  made  with  a local  seamstress  for  the  fabrica- 
tion of  a prototype  sleeve*  sewn  with  Vinyon  thread.  Arrange- 
■enta  had  also  been  mads  with  S.  Proolieh  k Sons*  Hew  York* 

I.  T.*  for  the  fabrication  of  protective  suits  and  hoods* 
conforming  to  patterns  desigasd  by  the  Quartermaster  Corps. 

Ixperimsntal  work  revealed  that  the  seals  obtained  by  ooeting 
with  solvent  solutions  of  Vistenex  B-dO  or  the  polyethylens- 
Vistanex  mixture  were  inferior  to  taped  seams*  Hbich  was  to 
be  expected  in  view  of  the  fact  that  the  acid-resistance  of 
solvent  solution  coatings  is  relatively  poor.  HoweT«r.  ft 
wee  discovered  that  the  technique  of  applying  and  fusing 
multiple  coats  of  a hot  solvent  solution  of  polyethylene- 
Vistanex  effectively  reduces  the  amount  of  residual  solvent 
and  thereby  increases  the  degree  of  acid-resistance. 

Taped  seams  obtained  by  the  use  of  solvent  solutions  of  either 
Vistanex  or  the  pigmented  poiyethylene-Vietanex  blend  se 
sdhaslvee*  and  either  unsupported  poiyethylene-Vietanex  tape 
or  two-aide  costed ikbrie  es  reinforcing  tapes  wsrs  svalustsd 
by  msans  of  psel-strength  tests,  bhlls  both  edhesives  were 
equally  sstisf aotoiy,  tha  use  of  the  solvent  solution  of 
Vistanex  is  dsfinitaly  nrara  praotioel*  since  the  solvent 
solution  of  the  poiyethylene-Vietanex  blend  has  to  be  main- 
tains d at  a temperature  not  less  than  for  application* 

or  "nud-oraoking”  will  occur.  The  two-aids  coated  fabric 
appeared  to  be  the  more  aetiefaetory  team  binding  from  tha 
standpoint  of  providing  greater  necbeni-  al  strength.  However* 


WADC  TR  54-93 


33. 


tlM  UMupport«d  t«p«  eos^oMd  of  tha  polyathjlam -Via tanas 
Mlxtura  waa  nora  than  adaquata  for  saallng  purpoaaa,  and 
waa  nora  flaxibla  than  tha  tapa  mada  fron  tha  ooatod 
fabric, 

Tha  optiaun  proeadura  for  protaeting  aaama  waa  found  to  cm- 
aiat  in  r-oating  the  aaama  with  Viatanrx  in  aolvant  (16^  aolida 
In  xylana)  in  a width  of  1-3/4  inohaa  ovar  tha  aaam  araa» 
allowing  it  to  air-dry  for  about  fiftaan  ninutaa,  and  baat- 
aaaling  with  an  unaupportad  tapa  of  tha  pigoontad  polyathjlana- 
Viatanax  bland.'  Scaling  waa  acconplishad  by  naana  of  an 
alactrieally  haatad  rollar  daaignad  with  a raeaaa  in  tha 
oantar  ao  that  no  praaaura  ia  applied  on  tha  aaam  itaalf. 

Tha  aa«tion  of  tha  garment  undergoing  baat-aaaling  muat  be 
bald  under  modarata  tanaion  while  the  operation  ia  in 
prooaca*  la  tha  aaaa  of  tha  alaava*  a piece  of  plywood 
was  out  to  a ahapa  ha  aonform  to  tha  alaaaa#  and  tha  alaaaa 
waa  placed  on  tha  fom  in  aush  a wigr  that  tha  aaam  waa  in  tha 
oantar  of  tha  plywood. 

b«  Suita  and  Hooda 

Four  protoctiva  auita  and  two  hooda  war#  aueoaaafully  fabrioatad 
by  S.  Froalioh  k Bona  from  tha  praaieualy  pfaparad  ooatad  fab- 
ric. Two  of  tha  auita  wara  mada  with  ouffa  on  tha  alaevea. 
and  two  without.  Lock-atiteh  Singer  acwii^  machine c wara  uaad. 
Stitahiog  waa  dona  with  Oaeroo  thread  baoauaa  of  tha  aaaa 
with  which  it  ia  handled  on  tha  aawing  maehinaa  and  bacauaa 
of  ita  great  toughnaaa.  Tha  thread  waa  treated  with  paraffin 
wax  before  tjaa  «o  prevent  tha  naadlaa  from  atioking.  Tha 
cawing  charactariatiea  of  tha  ooatad  fabrie  are  eonaidarad 
good.  V.»  auita  weigh  approximately  two  pound#,  aaeb.  and 
poaaaaa  a flexibility  approaching  that  of  normal  wearing 
apparel. 

Sealing  of  tha  aaama  of  tha  auita  waa  oarriad  out  at  Tha 
Connecticut  Hard  Rubber  Company.  Two  of  the  auita  wara 
acalad  by  tha  uaa  of  tapa.  coated  on  both  aidaa  with  tha 
ooiyathylana-Viatanax  bland,  in  tha  manner  daacribed  under 
"Protection  of  Saama**.  It  waa  tha  opinion  of  bright  Field 
that  tha  aaama  of  these  suite  wara  too  atiff.  and  they  raquaatad 
that  attampta  be  siada  to  attain  mora  flaxibiiity  of  tha 
aaama  by  the  uaa  of  other  nsans  for  scaling.  Therefore, 
the  other  two  auita  ware  accied  with  tha  unaupportad  poly- 
athylcna -Via tones  tapa,  Plywood  Xbrma  wara  uaad  for  all 
aactiona  of  tha  auita.  to  provide  a flat  aurfaoa  at  tha  oaom 
oraaa  during  tha  baat-saoilng  operation  and  to  keep  the  arasa 
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undtr  nodarAt*  tension. 


The  hoode  uerr  eeelad  et  the  aeene  in  the  seae  aenner  ae  wee 
used  with  the  lults.  A piece  of  polyvinyl  plestio  (asnufee- 
titred  by  B.  F,  Goodrich  Company)  of  the  standard  Quarts naaater 
Corps  design*  was  used  as  a face  shield  in  oaeh  of  the  hoods. 
The  front*  side  and  rear  views  of  the  protective  clothing  can 
bo  seen  in  Figures  13*  14*  and  15* 

0,  Gloves 

There  were  two  possible  approaches  to  the  fabrioatiOD  of 
acidproof  gloves.  0ns  was  to  aahs  a dip-ceated  glove. 

The  other  was  to  aala  a glove  froa  the  calendered  polys thyleot* 
Vistanex  fabric*  which  offers  the  greatest  aaount  of  aoid* 
resistance*  md  to  tape  the  sesas  to  provide  protection, 
however*  because  of  the  ooaplextty  of  the  conetructlon  of 
a glove*  It  was  not  feasible  to  tape  the  sesas.  The  initial 
laboratory  work  on  tfas  developsMnt  of  aoidproof  gloros  was 
therefore  coneemed  with  an  investigation  of  the  potential* 
ities  of  dip-coating. 

As  noted  earlier*  it  was  necessary  to  aaintain  the  solvent 
solution  of  the  polyethylene-Vistanex  blend  at  a teaperatwe 
of  160*?  to  prevent  aud-cracking.  A study  was  aade  of  solvents 
having  boiling  points  above  the  fusion  teapereture  of  the 
Mlyethvlene -Vistanex  blend.  A mixture  of  cuasoe  sod  xylene 
(about  1 to  U)  proved  to  be  acre  praotioal  for  use  as  the 
hljh-boiling  solvent  than  cumene*  itself*  wbiefa  was  difficult 
to  remove  froa  the  film.  Solution-oast  films  of  the  pigswnted 
polye^'hylens -Vistanex  blend  were  prepared  for  acid- real sbauwe 
tests.  A film  (.020  in.  thick)  east  froa  the  mixture  with- 
stood exposure  to  nitric  acid  for  28  houra  before  penetration 
of  2.5  grama  par  square  meter,  further  work  with  hot  eolvent 
eolutioos  of  the  poiyethylene-Vistenex  blend  led  to  increeeed 
eoid-reeiet  enee . 

Work  done  st  thie  time  on  the  preperetion  of  e eolution-oaet 
film  of  Vistanex  ff~QQ  in  toluol  indioetsd  good  eoid-resistenoe 
only  in  thicknesses  too  great  for  preotioel  use,  Glevee  cut 
froa  plain  Vinyon*  aid  aewed  with  Vinyon  thread*  ware  ooeted 
by  dipping  in  VistaMX*  md  were  eeeled  et  the  aeaaa  ty  the 
use  of  the  poiyethylene-Vistenex  blend,  here*  too*  It  wee 
found  that  Vistanex  coatings  provided  eoid-reeis tsnoe  only 
with  e aultiplicity  of  dippings. 


L 
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It  waa  round  that  it  waa  not  practical  to  coat  glovoa  with 
tha  mm  of  standard  dlp-eoating  tachniquas*  ainca  tha  coat> 

Ing  panatrataa  too  daapl*  into  tha  fabric,  Howavar,  techniques 
for  applying  tha  pigmnted  polyethylena-Viatanax  blend  to 
uneoatad  cotton  gloves  without  tha  fomaticn  of  cracks  wars 
davalopad.  A oontinuoua  aurfaca  could  ba  obtained  by  the 
proper  control  of  cenperaturaa  during  tha  dipping  and  drying 
operations.  Iha  glove  waa  inner aad  in  tha  aolvant  aolution 
which  had  baan  hsatad  to  160**?.  after  nsmoval  iron  tbs  bath, 
the  glove  was  iacadlately  placed  in  a drying  oven  for  a 
period  cf  15  nidataa,  teila  a tanparatui^  of  l60°F  was 
naintainad.  This  pror.aaa  waa  rapaatad  until  tha  daairsd 
thicknaas  (about  .012  in.)  waa  obtained.  Olovea  prepared 
in  thla  aenner*  however,  were  still  relativaly  inflexible 
(Figure  16.  Olova  1).  Rubber  glovaa  coated  in  thla  aannar 
(Figure  16.  Olova  2)  exhibited  optlnua  flexibility,  bhila 
tha  adhesion  of  tha  coating  wsr  conaidarad  good,  iaprovananta 
ware  noted  with  tha  uaa  of  a prlnar  coat  of  Vistanax  in 
xylene. 

Arrsngananta  ttara  made  with  S«  Froalich  k Sons  for  tha 
fabricaCion  of  soaa  gloves  frM  tha  calandarad  fabric,  nia 
principal  difficulty  ancotatarad  in  sawing  tha  glovaa  waa 
that  the  fabric  alippad  in  tha  sawing  nachina.  Tha  tension 
axartad  on  tha  fabric  during  tha  sawing  operation  waa  not 
even.  Bunching  bstwaan  tha  fingers le suited  (Figure  16.  Glove 
3)>  end  the  gloves  wars  difficult  to  seal.  This  indicated 
that  a batter  Method  of  fabrtoating  the  glovee  should  be 
developed. 

A 7ieit  waa  paid  to  the  Ednont  Kas'ifaeturlng  Conpany.  Coahoe> 
ton.  Ohio,  who  are  tha  largest  aanufaoturars  of  coated  glovee 
in  .he  industry.  The  problea  of  preparing  a aatiafaotory 
aoldprocf  glova  waa  diseusaed  with  thea  at  length.  A number 
of  peire  of  gloves  were  cut  froa  the  eoeted  fabric,  and 
ee««d  with  cotton  thread.  It  waa  discovered  that  it  waa 
saaawhat  more  difficult  to  aew  tha  eoatad  fabric  on  a chain* 
atheh  nachina  then  on  e lock*etitcb  raechine.  The  polyethyl- 
ene -Vistanax  Mixture  stuck  to  the  needles,  and  caused  the 
Machine  to  skip.  This  difficulty  wee  eliminated  by  dipping 
tha  thread  into  paraffin  wax.  and  by  holding  a little 
artist* a brush,  which  had  bae‘:i  dipped  in  wax.  against  the 
needle.  The  glovaa  were  sewn  on  cheln-stitcb  machines, 
nanuf actxM’eo  by  the  Union  Special  MacMnw  Company.  The 
machine  a bad  a guide  near  tha  praaser  foot  to  keep  the 
distance  between  the  edge  of  the  fabric  and  tha  seam  at  a 
constant  predatwrmined  value. 
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Aft«r  th«  glovoB  w«r«  ■•vn«  th*y  wer«  mountad  on  fonas.  It 
Is  vsry  iaportiint  that  ths  glovs  should  lii  ths  form,  since 
'Mrliiklss  cause  Inperfectlons  In  the  coating.  It  is  therefore 
QSoessar*y  that  the  fabric  have  a certain  degree  of  stretch. 

Visa  ths  gloves  are  out  frer  ths  fabric  on  the  square>  there 
is  absolutely  no  stretch.  Uouever*  a later  experhaent  showed 
that  ths  fabric  can  be  mads  to  exhibit  considerable  stretch 
If  it  is  cut  cn  the  bias.  Although  no  gloves  mads  by  this 
Mthcd  ware  dipt;edt  enough  work  was  done  to  dsaoostrate  that 
bias>outting  would  provide  sufficient  etratch  to  allow  r.he 

goves  to  fit  the  form  and  thus  render  them  sealable  by 
pping. 

Ths  solvent  solution  of  polyethylene  •Vis  tanex  blend  was 
heated  to  160*P,  The  gloves*  mounted  on  the  foms  which  had 
been  preheated  to  prevent  any  chilling  of  the  solution*  were 
dipped*  fingers  down*  into  ths  solution.  Ths  gloves  were 
then  trsnsferrad  Imnedistely  to  an  oven  maintaioad  at  r tem- 
paratura  of  16G*P*  ^era  they  ware  Allowed  to  dry  fer  ten  to 
fifteen  nlr:.ntea.  The  process  was  repaatad  until  the  dsaired 
number  of  eoatn  had  been  applied.  The  aeame  of  gloves  made 
from  the  oalcmhired  fabric  ware  effectively  sealed  by  this 
dlp»coatlng  process. 

Some  neoprene •coated*  woven  fehrio  gloves  ware  ueed  in  dipping 
esperlments  to  determine  whether  the  polyethylene^Vistanex 
mixtvo^  would  mtiere  aatlaf actor  12 y.  The  results  were  good*  and 
the  coating  could  ba  pseled  off  the  neoprene  only  with  diffl> 
ottlty.  It  wae  believed  that  avan  this  adhesion  night  be 
Improved  by  the  use  of  a base  cost  of  stmifdit  Vistsoex  ss 
a blboer* 

Armngtmsnta  ware  mode  for  the  Sdnont  Nanufaeturlng  Company 
to  supply  The  Connecticut  Hard  Rubber  Coaipeny  with  knit-cuff* 
neoprene  •coated*  cotton  flannel  work  glovea*  acaae  having  only 
a light  coating  of  neoprene  to  prevent  the  polyethylens-Vlatanex, 
subeequently  applied*  from  flowing  into  the  febrio,  and  sons 
carrying  a standard  neoprene  coetxng  (.020  in.).  Ths  gloves 
having  ths  light  coating  of  nsoprem  ware  dip«coat«d  in  a 
hot  solvent  solution  of  the  polyethylene>Vist«nex  blond  at 
The  Connsctieut  herd  Rubber  Cenpany.  While  the  edbeeion 
of  the  ooetiog  to  the  neoprene  wee  not  as  good  ss  it  might 
hsve  been  if  Vistanex  had  been  used  ea  s primer*  the  gloves 
looked  quits  promising. 

One  pair  of  these  gloves  and  two  pslrs  of  whits  gsuntlsts  con- 
sisting of  ths  esns  mstsriai  used  in  ths  suits  and  noods*  which 
hsd  been  nvltipls  dip-coated  in  hot  solvent  solutions  of  the 
polyethylare-Vlst max  bland  to  provide  projection  for  the  seans, 
were  shipped  to  the  Wright  Air  Development  Canter. 
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•006  in.  thlok.  war*  traatad.  aa  abova.  but  at  tamparaturaa 
of  400*^  and  4S0*P  for  ona  and  two  hours.  Tha  films  wars 
vasbad  with  toluana  and  tastad.  As  shewn  in  Piguras  20  and 
21f  tbara  is  no  significant  improvamant  in  tha  acid  impama- 
ability  of  films  impragnatad  in  thia  mannar. 

Attampta  wsra  than  aada  to  form  Taflon  films  from  conmarcial 
disparslons.  An  aquaoua  disparsion  of  Taflon  was  bruahsd 
onto  elaan  atainlaas  staal  platsa.  Tha  plataa  wara  placad 
in  an  ovan  at  lOO^C  to  avaporata  tha  watar  and  then  placed 
in  an  ovan  at  720**?  for  five  to  tan  minutes  fusion.  7^ 
plates  wara  removed  and  quenched  in  rtnning  watar.  Additional 
eoats  twra  applied  until  tha  desired  thickness  was  obtained. 
Permeability  test  results  (Pigura  22)  wara  poor,  showing 
thasa  Taflon  films  to  be  porous. 

Steps  ward  taken  to  repair  tha  microvoids  in  tha  film.  A 
film  of  Teflon  was  prepared,  as  abora.  by  fusing  sueeasslva 
daposits  of  partiolas  from  dispersion  at  720"P.  Ualooarbon 
wax  lflO-00)  was  than  malted  and  brushed  on  tba  aurfaoa  of 
tha  Taflon  film,  and  tha  whole  was  fused  at  720*?  for  five 
sUnutas.  On  removal  from  tha  oven,  tha  film  was  quenched  and 
tastad  for  aoid-pams ability.  Tha  results  showed  a sli,^t 
improvamant  over  tha  plain  Teflon  film  (Pigvro  22).  Other 
untreated  Taflon  films,  grsphad  in  this  figure,  show  decreas- 
ing permeability  with  increasing  thicknoss.  However,  in  no 
ease  was  Taflon  raaistanoa  comparable  to  Kal-P. 

Aa  was  mentions d previously,  extruded  films  of  Kel-?  withstood 
nitric  acid  penetration  for  over  400  hours  (Figure  17). 

Initial  work  on  east  Ksl-P  films  showed  poor  soid-rasiatanoa 
due  to  porosity.  In  order  to  make  films  that  would  be  lass 
porous,  savsral  methods  were  triad,  as  follows:  first,  by 
fusing  at  hi(^ar  temperatures,  secondly,  by  plastieising  with 
lower  molaoular  weight  Xel-F  polymers  in  order  to  lower  the 
fusion  temperature,  and  lastly  by  plugging  tha  microvoids  with 
sMtarials  thioh  would  be  readily  soluble  in  ordinary  solvents. 

To  study  tha  affect  of  high-tamparatura  fusing,  a heavy  deposit 
of  unplastieised  Kel-F  disparsion  was  fused  on  a glass  plate 
for  15  hours  at  430*?.  Tha  surface  was  cracked  in  places  and 
showad  sosw  sirfaea  irregularities.  Tha  film  was  thrn  placed 
in  an  oven  at  600*?  for  three  hours.  Tha  film  showad  no 
improvamant  in  surface  cbaraotaristics  and  was  slightly  more 
brittle.  1hi9  film  showad  peer  aoid-rasistanea  (Figure  23). 
and  it  was  tharafora  concluded  that  tha  disparsion  msthod 
of  producing  Ksl-F  films  was  not  feasible  without  modification. 
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w»re  than  mad*  to  east  Kal>F  fllraa  frcn  highly 
plaatioiaed  diaparaiona.  A low  mola  eular  weight  polysap 
(Kel-P  fU.0)  wae  mixed  with  the  diaparaionf  the  amount  of 
fUO  being  calculated  to  be  SOfL  of  the  weight  of  the  adlide 
in  the  diaperaion.  The  diaperaion  waa  diluted  with  an  equal 
voluaie  of  toluene.  Pilma  were  eaet  by  pouring  the  reauitant 
mixture  onto  glaaa  platea.  allowing  the  aolvent  to  evaporate 
and  then  fueing  at  UdO*?  from  4 to  15  houra. 

Pilma  eaat  with  thia  plaaticiaed  diaperaion  ahowed  groat 
promiae.  Pilma  obtained  through  the  fueion  of  one  depoait 
were  on  the  order  of  .001  in.  thick  and  diowed  little  or 
no  impermeability.  By  the  uae  of  multiple  ooata«  filma  of 
.002  to  .003  in.  were  produced  which  ahowed  a high  degree 
of  impemi ability  (Pi{^e  23). 

Valefom*  P-IO*  a copolymer  of  monoohlorotrifluorea  thy  lane 
and  polyvinyl  Florida  (Procedure  K*  Appendix)  ahowed 
moderate  reaiatanee  to  penetration  (penetration  of  2.5 
gpu«  BM03/aq.  na.^r«  10  hra.). 

Since  the  permeability  teat  on  Veloform  ahowed  fairly  good 
reaulte  (Figure  23)«  attempta  were  made  to  plug  the  micro- 
voida  in  the  caat  Kel-P  fllme  with  thia  mate  rial  in  the 
following  manner.  An  unplaaticited  Kel-P  diaperaion  waa 
poured  on  a plate,  and  the  ablvent  waa  allowed  to  evaporate. 

The  reauitant  depoait  waa  fuaed  at  U30*?  for  15  houra.  and 
a film  approximately  .007  in.  thick  waa  obtained.  Thia  film 
waa  coated  with  the  Velofom  aolution  and  allowed  to  air- 
dry  for  2U  houra.  Pemaabilxty  U-^ta  were  then  run.  Ihere 
waa  a markad  iaiproveoMot  over  both  the  Veloform  film  mad  the 
c&3t  unplaaticiaed  Eel-P  film  (Figure  23). 

7.n  all  eaaea  the  extruded  Kel-P  film  waa  the  beat,  being 
reaiatant  for  over  400  houra.  while  tha  plaaticiaed  Kel-P 
film  waa  twxt  in  line  being  reaiatant  for  over  60  hoix'a 
(Figure  23). 

Feme  ability  data  obtaizied  with  eaat  filma  revealed  that 
varioxie  materiala  ahowed  wide  differencea  in  behavior.  Poly- 
vinyl chloride,  which  baa  been  uaed  in  fabnoating  the  pro- 
tective clothing  in  preaent  uae.  waa  found  (Procedure  X. 
Appendix)  to  poaaeaa  vary  poor  reaiatattce  to  penetration  by 
fumii^  nitric  acid,  even  when  unplaatieiaad  (penetration  of 
2.5  gma.  HHoyaq.  meter.  .5hr.).  At  flrat.  it  waa  auapected 
that  tha  aolvent  might  be  eauaing  the  rapid  penaaation.  but 
efforta  to  increaae  tha  impermeability  of  polyvinyl  chloride 
filma  by  he at-treatoMnt  (Procedure  Appendix)  were  unauceeaa- 
ful. 
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AS  COMPARED  WITH  POLV£THVLENE*VISTANEX  [ 70H-30H]  SOLUTION -C/.ST  FILM. 
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in®  fabric  i«  n»cM»*ry. 
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Addition  of  oilicono  oil  did  not  onhouc*  tho  floxibility. 
Optiiau*  romulti  iioro  obtainod  Uion  each  coating  was  ru«a 
instaad  of  aotnirusad,  aa  in  th#  caaa  of  tha  T»flott 
Whara  oil  waa  inoludad  in  tha  coating 

coatlng  had  to  ba  plain  Kal-F,  or  an  axtmnoly  oily  aurfaca 
raaultad.  Tha  aaaplaa  fallad  Inatantly  *dian  taai^d  -or  nitric 
acid  raaiatanoa. 

In  an  attempt  to  inoraaaa  tha  raailianoy>  two  amplaa 
made  from  a dlaparaion  containing  20  paroant  ailicona 
and  80  parcant  Kal*F  dlaparaion.  Iha  procaaalng  waa  almil^ 
to  tha  pravloua  axparltaanta,  out  only  thraa  coata  ware  appllad# 
with  a final  coating  of  plain  Kal-F.  Wnad  ** 

550“P  for  half  an  hour  , Thla  Incraaaad  fuaion 

gave  a wall-fuaad  but  tha  raalllancy  waa  not  laprotad. 

The  next  axparlaant  waa  to  datanalna  if  the  coating  of  ona 
aide  of  tha  slaaa  cloth  would  incraaaa  tha  nitric  *o*“ 
raalataica  and  flaxlbillty.  It  waa  baliaaad  that  . 

nathod  there  would  ba  no  poaalblllty  of  antrapplng  air,  ^cn 
reaulta  in  poroalty.  Tha  cloth  waa  alao 
floating  to  promote  greater  flexibility.  9^***  oloth  (108) 
waa  pratreated,  than  lapragnatad  with  ^2C35B  ( a» 
ailicona  oil  dlaparaion),  and  aaaidriad  at  30  P *o**  30 
minute a. 

Peur  coatlnga  (Kal-P  dlaparaion,  9C%,  Silicone  oil,  ICT.) 
ware  applied  to  ona  aide  of  tha  Pibarglaa,  each  coating  being 
fuaad  at  510*P  for  15  minute  a.  Two  final  ooata  of  plain 
Kal-P  were  than  added,  and  the  aanpla  waa  fuaad  at  550  P for 
30  minute  a. 

Lubricating  of  tha  flbare  Incraaaad  the  flexibility,  ^it 
it  waa  now  jaflnltaly  aatabllahad  that  tha  addition  of  a 
allleoj*  oil  to  tha  coating  dlcparalon  waa  of  no  value  in 
thia  raapact. 

A lano-waava,  aarqulaatte-type  fabric  waa  than  procaaaad, 
tha  ailicona  oil  in  tha  coating  dloperalon  being 
by  a Halocarbon  wax  (10-00),  This  fabric  was  dipped  in  -ha 
mixture  of  Halocarbon  wax  end  Kal-P  dlaperalon,  and  tha 
•xc0a«  cofttln(5  wa*  ramovad  by  doctor  bart*  Whan  aoi- 
aanta  had  avaporatad  at  roow  ten”>rutur^»  tha  coating 
waa  fuaad  at  480®P  for  1 hour.  • ’ I'ocaaa  waa  repeated 
to  obtain  a continuous  layer  of  Kal-.’’  partlclea.  The 
fabric  appeared  to  ba  wall  alntared  and  free  of  pin  holaa, 
but  waa  too  atlff  fca*  clothing  material,  ao  acld-parr» ability 
testa  ware  not  i*un. 
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In  or<l«r  to  limit  ponetratlon  of  tha  diaporslon  into  tho 
fabric,  tuid  thua  iraprovo  its  flo:U.bilit7,  a Knowlton  Tabla 
Coatar  waa  uaad  to  coat  a numbar  of  dlffarant  typaa  of  glaaa 
cloth  on  ona  aida  only.  Tha  glaaa  fabric,  aa  racaivad,  waa 
tightly  auapendad  acroaa  tha  coatar.  A nixtura  of  ooa  part 
Haloearbon  wax  (lO-Ovi)  diaaolvad  in  toluana  and  two  parta  of 
Kal-P  aollda  aa  a 32.7  percent  diaparaion  in  xylana,  waa 
poured  on  tha  upper  aida  of  tha  cloth.  Exeaaa  coating  waa 
removed,  and  tha  thicknaaa  waa  regulated  by  drawing  tha 
aerapar  blade  adroaa  tha  fabric.  Tha  aulvanta  were  allowed 
to  avaporats  at  room  temrerature.  The  fabric  waa  than 
auitably  aupportad  and  placed  in  an  oven  at  for  one 

hour.  Kult-lple  coatinga  produced  a film  thicknaaa  of  frc« 

.003  to  .005  inch.  Tha  coatinga  were  well  adhored  and 
eontinuoua,  but  "papery"  to  the  touch  and  unaatiaf aotory 
for  wearing  apparel.  Hitric  acid  peroaability  taata  were 
alao  unaatiafactory. 

Of  all  tho  typaa  of  glaaa  cloth  inveatigatad  by  thia  method, 
tha  greataat  flexibility  waa  obtained  with  a lano-weave, 
marquiaatta-typa  fabric. 

Aa  tha  fabrica  prepared  bf  tha  afoiemant  i.onad  methoda  poaaeaaad 
low  reaiatance  to  nitric  acid  penetration,  a technique  waa 
daviaad  to  caat  a film  on  tha  fabric.  A aantion  of  marqulaa t ta • 
^yp«*  glaaa  fabric  wax  placed  on  a glaaa  plate,  bordered 
with  glaaa  edging.  Over  thia  waa  poured  a dilute  mixture 
of  Haloearbon  wax  Kal-?  diaparaion.  Solventa  were  evaporated 
at  room  tanperatxire,  and  fuaion  waa  aeeoaipliabad  at  U^0"P 
for  two  houra.  Pabriea  coated  by  thia  method  were  impregnated 
on  only  one  aide,  and  thua  were  quite  flexible,  but  aoid> 
per.— ability  waa  unaatiafactory. 


’aAtC  TR  54-93  57. 


g.  Q1«b»  Pabrlca  Coatad  with  Teflon 


Slaiilar  attaap^rc  vara  mada  to  coat  glaaa  fabrics  with 
Taflon.  Dia  ooatad  fabric  vas  mada  by  thoroughly  soaking  a 
heat-traatad  glass  cloth  (Fibarglaa  116)  in  an  aqueous  dis- 
persion of  Taflon  (46^  solids).  The  fabric  was  than  manually 
drawn  through  scraper  bars  to  remove  the  excess  coatingi  and 
aanlfusad  at  610^  for  15  mlnutaa.  Six  coats  wera  applied 
in  this  manner,  and  the  sample  was  finally  completely  fused 
at  720^F  for  15  stinutcs. 

The  resulting  fabric  was  stiff  and  boardy,  and  although  the 
coating  appeared  to  be  continuous,  subsequent  tests  showed 
poor  aold-resistance,  indicating  microporosity.  In  an 
effort  to  improve  the  flexibility  of  the  fabric,  a silioone 
oil  was  added  to  the  Teflon  dispersion. 

ExperisMnts  were  oonduoted,  using  50  and  20  percent  silicone 
oil  (9996»500)  by  volvne  with  Teflon  dispersions,  give 
coats  wore  applied  aud  aemifused  at  blO^^P.  A sixth  coating 
of  plain  Teflon  dispersion  was  then  added,  and  the  whole 
was  fused  at  720^  for  15  minutes.  The  resulting  fabrics 
were  more  flexible,  but  the  aixrfaces  were  oily.  Pinholes 
were  visible  in  sane  cases  where  great  amounts  of  oil  had 
aecxmalated.  Zloth  fabrics  failed  to  resist  penetration 
of  nitric  aoid. 

It  was  thought  that  if  a lighter-weight  glass  cloth  were 
used,  more  resiliency  would  be  imparted  to  the  fabj-iu. 
Piberglas  112  as  well  as  116  were  coated  with  Teflon  dis- 
pereione  containing  12  and  15  percent  silicone  oil.  Three 
coats  wera  first  applied,  as  previously  mentioned,  with 
seadfuaii^  between  coats,  then  the  final  throe  coats  of 
plain  Taflon  dispersion  were  added  in  the  same  manner.  The 
final  fabric  was  fused  at  720^.  Samples  prepared  with  the 
lighter-weight  cloths  were  more  resilient,  but  still  did 
not  resist  nitric  acid. 

Toots  were  then  initiated,  replacing  the  ailioone  oil  with 
an  equeoue  diapcrsion  of  ailicone  oil.  Pabrioe  ware  pre- 
pared, sinllarly  to  thoae  mentioned  above,  but  using  10, 

12,  15,  20  and  25  pereant  of  DC35B  in  place  of  the  #9996-500. 
It  wee  noted  that  oil  globe  were  ebeent  from  the  cloth 
beopuee  of  eompetlbility  with  the  Teflon  disperaion,  snd  ths 
flexibility  was  Improved.  The  number  of  ooetinge  wee  re- 
duced to  four  idien  it  wee  noticed  that  an  even  lighter  glaee 
cloth  (106)  gave  exoellent  "strike  through"  and  e good  con- 
tinuoua  surface.  The  final  fuel  on  period  wee  Increased  to 
6C  minutes,  eliminating  soma  of  the  pinholes  and  giving  e 


b«tter  ru««d  lanpla.  Aa  • raault  of  thas#  varioua  changas, 
tha  aanplaa  wara  eapablalof  raalatlng  fuming  nitric  acid  for 
thraa  houra. 

In  avary  caaa,  tha  acid-raaiatanea  waa  not  aatiafaetory,  end 
it  vaa  ooncludad  tnat  unlaaa  naw  tjrpaa  of  Taflon  could  ba 
found,  no  furthar  work  would  ba  dona  on  thia  product. 
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, Ql»«»  Fabric.  3111  een>  RubbT 

Th«  pravloua  ■•otloa  d«aerib«d  diaparaion  aathoda  for 
eoatlng  Plbarglaa  eloth  with  Tafloa  and  ICal-F.  Both  dip* 
floating  and  akla-ooatlng  raaultad  la  too  graat  a panatratlon 
or  avaa  atrlka*through  of  tha  dlflparalona«  raaultlng  la 
boardjr  or  Inflaxlbla  fabrloa. 

In  aa  attaapt  to  keap  tha  dlaparaloaa  oa  tha  aurfaea*  glaaa 
fabrloa  wara  flrat  prlaad  with  a allloona  rubbar,  and  than 
ooatad  with  Xal*F  on  a Xhowltoa  Tabla  Ccatar. 

Cohrlaatlo,  a produot  of  Tha  Conaaotleut  Sard  Rubbar 
Coapany*  la  Flbarglaa  ooatad  with  alllooaa  rubbar.  fha 
Flbargiaa  alda  of  thla  produot  waa  flrat  elaaaad  with  a 
rotating  bi>uah  to  raaova  any  allloona  which  night  hava 
atruek  through*  aad  waa  than  plaoad  on  tha  ooatar  with  tha 
Flbarglaa  alda  up.  A aodlflad  Kal-P  dlaparalon  vaa  pourad 
on*  and  tha  fabrlo  waa  ooatad.  Aftar  drying*  tha  fabric  waa 
fUaad  for  on#  hour  at  U60'^.  Two  aasq^laa  wara  praparad  la 
thla  way.  ona  with  four  eoata  (Flguro  26*  Curva  A)  aad  ona 
with  flwa  eoata  (Flgura  26*  Curva  3).  Aftar  tha  final  fualon* 
tha  fabrlo  waa  plaoad  la  aa  ovaa  at  for  flftaan  nlautaa. 

On  raaeaal.  It  waa  quaaohad  la  watar  at  20^*2$6c  to  retain 
tha  flaslblllty  of  tha  Xal-F. 

Tha  uaa  of  a fabric*  pratrleualy  ooatad  with  alllooaa  rubbar* 
Inprovad  tha  flexibility*  but  tha  praaaaoa  of  a aolaeular 
flln  of  allloona  on  tha  axpoaad  alda  of  tha  Flbarglaa  ra* 
aultad  la  poor  adhaalon  of  tha  Kal*F  to  the  fabrlo. 

la  aa  attanpt  to  oaareoan  thla  lack  of  adhaalon*  oow  Coming 
Sllaatlo  (C  12S)  alllooaa  rubber*  dlaaolvad  la  teluaaa*  waa 
thinly  applied  to  one  aurfaoa  of  tha  fabric*  aad  lanadlataly 
Inverted  oa  tha  ooatar  to  prevent  axoaaalva  atrlka*throiv0* 
Curing  of  tha  fabrlo  waa  dona  la  tha  uaual  allloona  eyela. 

Tha  coated  fabrlo  waa  than  coated  on  Ita  glaaa  aurfaoa  with 
a plaatlelsad  Xal*P  dlaparaloa  (one  part  Ualooarbon  wax 
10*00t  two  parta  Xal*F  aollda  la  xylana).  Tha  aolvanta  wara 
allowed  to  avaporata,  aiwl  tha  fabric  waa  fuaad  at  for 

ona  hour.  Additional  Xal-F  ooetlnga  wara  applied  In  thla 
mannar.  Varloua  typaa  of  fabrlo,  ranging  fron  Orada  #126 
to  #10d  and  lono  weave  wara  prooaaaad  by  tbl#  aathod.  An 
improvaaant  In  flaxlblllty  waa  noted  in  all  oaaaa,  but  a 
dacraaaa  la  adhaalon  of  tha  Xol*F  to  tha  glaaa  fabric  ra- 
aultod.  Ho  gain  la  nitrlo  aoid  raaiatanoa  waa  apparant, 
parvMabllity  voluaa  being  of  tha  aana  order  aa  thoas  da* 
torrislnod  for  Xol*F  ooatad  fabrloa  without  allloor.a  rubbar 
backing. 
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A nvDtbar  of  aiailar  •xpartaonta  wars  then  run  in  tAilch 
aisht-Hll  filvia  of  plaatloisud  Kdl>P  dlaparalon  wore  east 
on  the  rubborixod  glaaa  fabric.  Tho  Knowlton  Coster  waa 
used,  but  aight-mll  shlma  woro  placed  at  the  aides,  the 
knifo  being  used  to  spread  tho  films  evenly.  After  solvent 
evaporation,  the  fabric  waa  fuaod  at  UdO*’?  tor  one  hour. 

The  films  were  well  sintered  and  devoid  of  eraoks,  but  no 
iRprover  ant  in  floxibility  over  akia*coating  was  noted,  md 
nitric  acid  permeability  was  unsatisfactory. 

At  this  point  of  the  invoetigation,  no  satisfactory  teoh> 
nlque  of  coating  from  a dispersion  had  boen  developed. 
Therefore  an  sxperiaient  waa  instituted  to  laminate  plasti- 
cised, extruded  Kol-P  films  mxd  Plberglas. 
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0.  Lamlnktlon  of  Plaaticlted,  Extruded  Kel-P  Plln  to 
Qleae  Pabrlee 


A technique  wee  developed  by  which  an  extruded,  plaatiolaed 
Kel>P  film  (Trithene)  waa  lanlnated  to  a glaaa  fabric.  A 
aatlafaetory  bond  between  the  fabric  and  Kel-P  fllai  was 
obtained,  and  the  aeld>per»eablllty  of  the  fabric  was  cosq^a- 
rable  to  that  possessed  by  the  unsupported  flla.  Aold- 
peraeablllty  curves  for  two  of  these  fabrics  are  presented 
In  Plgure  27. 

The  Initial  aanples  were  obtained  by  laying  an  extruded 
Kel-P  fl7n  over  leno  weave,  glass  fabric  and  heating  the 
laadnate  In  an  hydraulic  press  at  350*^  tnd  1500  pal  for 
three  minutes.  Satisfactory  material  was  also  obtained  by 
placing  the  Kel-P,  glass  fabric  laminate  between  the  rubber 
surfaces  of  two  pieces  of  silicone  rubber-coated  glass  cloth, 
applying  a weight  on  the  surface  equivalent  to  one  half 
pound  per  square  Inch,  and  heating  to  430^P  for  three  hours* 

A third  method  was  to  wrap  a mandrel  successively  with  a 
sheet  of  slllccne  rubber-coated  glass  oloth,  a layer  of  Kel-F 
film,  a layer  of  Plbarslaa  and  a layer  of  silicone  rubber 
oloth.  The  assembly  was  than  wrapped  with  Piberslas  tape 
taider  slight  tension  and  heated  to  4d0^  for  thirty  minutes. 

Pabrles  produced  by  the  above  SMthods  represent  the  ninlanmi 
penetration  of  the  coating  Mterlal  Into  the  body  of  the 
fabric.  Although  these  fabrlea  had  the  best  flex  charac- 
teristics of  any  Kel-P-coated  glass  fabrics  which  had  been 
prepared.  It  was  the  opinion  at  Wrlj^t  Field  that  they 
still  lacked  the  flexibility  and  drape  required  for  the 
fr>*7! cation  of  protective  clothing. 

At  a conference  with  personnel  of  Wright  Air  Developsient 
Center  on  Oecenber  9,  1952,  It  was  decided  that  In  view 
of  the  relatively  short  exposure  time  anticipated  In  actual 
use,  absolute  aeld-resl stance  should  b*  coaipromised  for 
greater  flexibility.  As  a eonsequenee,  all  efforts  were 
concentrated  on  developing  fabrics  coated  with  polyethylene- 
polyisobutylene  blends. 
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LiTsmTuaa  Aiq>  FxTErrr  survey 


A*  Litaratur*  Survey 
!•  Pwtaa&bil  ItT 

Sivll  and  Harthbartsar  (11)  haaa  wrlttwi  a vary  flna  raport 
an  thair  paraaabllity  atudlaa  of  alxtaan  polyraarle  fllna  to 
ersania  vapora,  togathar  with  a olaar  aunvuury  tram  pravloua 
litaratura  of  tha  aachaniaa  of  and  faetora  affaotlnit  pariBaa^ 
tion*  Thair  data  raeord  pamaaMllty  eonatanta  aa  maaaurad 
In  Thwln^-Albart  vapcnatar  eupa  and  ara  daflnad  aa  nolaa  of 
vapor  paaalng  tlirougb  ona  aquara  cantlaatar  of  flla  having 
a thieknaaa  of  ona  oantlaMtar  par  aaoond  par  oantlaatar  (ils) 
vapor  praaaura  dlffaranoa  aeroaa  tha  flla*  Althou^  tha 
paraMataillty  of  vapors  la  of  soaa  Intaraat,  a aajor  oonoam 
la  tha  parauiablllty  of  fllaa  to  liquids,  partloularly  to 
fUBlnc  nltrle  aold*  Thair  tasting  aathods  and  spaolfle 
rasults  noad  not  ba  dlseuaaad  furthw* 

tha  authors  suaaaarlsa  tha  thaory  of  tha  aaohanlon  of  tha 
diffusion  of  snail  nolaoulas  ttvou^  naohranaa  as  Involving 
thraa  preeassast  pasaaga  of  snail  nolaoulas  through  prafomad 
heloa  or  eaplllarlasi  diffusion  of  snail  nolaoulos  throu/^ 
tanporary  holaa  fomad  as  a raault  of  tharsal  notion  In  tha 
polynar  chains  { and  diffusion  rasultlng  fron  tha  Intaraotlon 
of  diffusing  nolaoulas  with  aotlva  spots  In  tha  fUn*  In 
tha  last  of  tha  thraa,  a dlff\ialng  nolaoula  attaohas  Itsalf 
to  an  aoUva  spot  whara  It  vlbratas  until  It  acqulras  suffl> 
elant  anargy  to  braak  looaa  and  travaraa  farthar  to  anothar 
•utlva  ^ot  or  on  through  tha  flln*  Tha  authors  eoneludo 
that  tho  first  nathod  la  of  llttlo  Inportanoo  In  wall* 

,Qma4  fUna*  Thay  atata  that  hola  fomatlon  and  tharafora 
dlffualoQ  la  Ineraaaad  in  oonpounda  oontalnlng  bulky  and 
nonpolar  aids  groups*  tamaatlon  oan  ba  azpaotad  to  bo 
graatar  whara  tha  filn  and  tha  diffusing  nolaoulas  hsvo 
slnllar  struoturo,  partloularly  ragardlng  polarity,  baeausa 
thay  diaselva  aaeh  othw  nora  raadlly*  '^a  prasanoa  of 
polar  groups  radueaa  tha  solubility  of  a nonpolar  gaa  In 
an  organic  liquid,  and.  oonvarsaly,  polar  gaa  nolaoulos 
dlssolvo  nora  roaUUHy  in  a liquid  with  polar  nolaoulas 
than  without  polar  nolaoulas  (3)*  Sinrll  and  Harshbargar 
also  found  sons  oorralatloa  botwoon  pamaablllty  and  dipola 
awnont* 

yolynars  having  strong  intarehaln  bonding  foreas  (auoh  aa 
nylon)  ashiblt  low  parawablllty,  as  cna  would  oxpaot  baeausa 
thara  ara  fswar  holaa*  Ineraasaa  in  ^anparatura,  of  ecuraa. 
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lnor««««  tlMraal  Motion  of  tho  polynor  ehoinOf  and  thoroforo 
ineroaao  ttao  rata  of  dlffiialon* 
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Tha  of foot  uf  tha  addition  of  a plaatieisar  to  tha  fila 
eonpound  aay  aithar  inoraaaa  or  daoraaaa  ttoa  paraaabillty* 

AB  inoraaaa  in  paraaability  nay  ba  dua  to  Ineraaaad  aoaa 
of  hoi a forMation  or  to  an  inoraaaa  in  tha  solubility  of 
tha  diffusing  nplaoula  in  tha  fila*  A daoraaaa  in  tha 
paraaability  oan  ba  broui^t  about  by  a laaaaoint  aithar 
in  hola  foraation  or  solubility*  Xf  tha  plastioiaar  is 
aiailar  in  aolaoular  atruotxira  to  tho  diffuains  aatarlol, 
tha  lattar  will  probably  ba  aolubla  in  tha  fila  and  diffu- 
sion will  thus  ba  graatai* 

Hyara  and  Ihlllipa  (8)  atata  that  aclvanta  whieh  do  not 
attack  or  diasolra  a plaatio  nay  still  aigrata  throui^  It 
at  an  appraoiabla  rata*  This  rata  ia  dapmidaat  on  tha 
propartiaa  of  tha  solvant  and  tha  naabrana*  Myara  and 
fhillipa  oenduotad  a study  of  tha  tranaaiasion  rataa  of 
aany  orgaiio  liquids  throiiu^  polyathylraa  fila.  naoprana, 
polylsobtttylana  and  aararal  othar  natarials*  folyathylana 
was  found  to  ba  auparior  ia  ganaral*  aa  rasarda  Ifyaraaability* 
Xha  traasalsaion  rataa  of  polar  and  nonpolar  oooipounda  wars 
found  to  ba  iavarsaly  proportional  to  fila  thioknaas^  and 
diraotly  dapandant  on  tins  and  on  a^onantlal  Amotion  of 
taoiparatura*  Tha  traasaiaaion  of  tha  orgaalo  vaporo  was 
oonaidarad  to  ba  an  aetivatad  diffusion  prooaaa,  and  oon- 
foraod  to  tha  Aiadaaaatid  diffusion  laws  for  fixad  gaaaa 
through  organic  high-polyaar  filaa* 

Fairla  (9)  points  out  that  polyvinyl  aloohol  ploatiaa  aro 
antiraly  unarfactad  by  gaaoliaa  and  oila«  but  ara  not 
raaistant  to  acids  or  alkalies*  Houwiak  (4)  stataa  that 
tha  paraaabiiity  in  hi|h  polTaara  of  gaaaa  or  liquids  dapanda 
on  tha  product  of  tha  solubility  and  tha  coaffieieat  of 
diffusion*  Stout,  Oaisaaa  and  Koalay  (12)  stats  that  two 
faotora  affaot  tha  paraaability  of  alaatonarst  solubility 
of  tha  gas  ia  tha  polynar,  and  tha  diffuaivity  within  tha 
poljrnar* 

2*  Fropartiaa  of  tha  yiuorocarbon  folmara 

Tha  class  of  fluorocarbon  polyaars  azhibits  a uaiqua  cobs- 
bination  of  proparti 6a t high  haat-rasis tones,  great  stability 
and  chanioal  insrtnasa,  axcallant  alactrieal  insulating 
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ch.r.cf  rl.tlcs,  nonlnn«*ablllty,  no  -.t«r  ab.orptl« 
high  hvoaidlty-raalitanoa,  and  f^gl  t*  (5< . 

natural  raalstanea  to  fungus  growth,  -J  iJie, 

Though  th*  ■atarlals  ara  axpanalra  on  tha  baaia  of  prl 

par  pound,  thay  ara  ewra  aconoaical  in  haw*  auoh 

than  praTlouaXy  uaad  naterlala  bacauaa  ,, 

Ufa  and  baoauaa  thay  oftao  allou  tha  war-all  aiaa 

of  aqulpnant  to  ba  raducad* 


The  two  important  fl“°rocar^na  arai  polytatraTlu.. 

athylana  and  of ^aflon, 

haa  baan  daralopad  by  duPont  undar  tha  toada  nma  ^ xari 

and  tha  latter  la  kno^  coasaarcl^ly  aa  hal-y  K I 88 

yiuorothana  (Carbide  and  Carbon  Chaialoala  Corp  ) 


A oautloua  coeaarlaon  of  tha  two  would  raaaal 

haa  aoawtdiat  auparlor  elaotrlcal  propartlaa  and  high*** 

k.x-f  j**  *2  nuor.- 

phyaieal  propartlaa.  aohlldknaohk  (10)  dlaouaaaa  tna  iLuara- 
Tioyl  polynara. 


teflon  yh?alc«l  Propartlaa 


loeordlng  to  Jaalta  (5), 

oonaldarad  aa  2$0*C  tor  aoat  uaaa.  At  this  c«tlnuo« 
tmparatura,  It  loaaa  only  r4>out  one  *:** J*"!: 

atrangth  par  month.  DuPont  chamlata  oonaldar 
aarra  In  apaelal  appllcatlcna  at  tamparaturaa 

thoutfi  in  taata  It  loaaa  10  to  Ijjibl? 

par  month  at  thla  tamparatura.  It  doaa,  ^aaar,  axnioxt 

uT'^estrabla  ohangaa  undor  tamparatura  •*^*^**f, 
roiatlaaly  high  thermal  axpanaloo  and  undaalrabla  oe  d 


ow. 


teflon  Chamloal  ProparMaa 


Thara  la  no  known  aolaent  for  Teflon  oaar  tha  teaparotura 
ranaa  froti  mlnua  195*C  to  aboaa  327*0,  Ita  . . 

trlhuori.,  .t  MS^ 

It  iJ^chamlceily  raalatant  to  all  oonoartrat^  aelda 
Iroludlnx  fumlna  nltrlo  acid.  Thera  are  no  dataetaUa  ^ 
changaa  t^r  conUuuad"  ^a^arlng  for  four 
SlJd^tna  water  abaorptlon  la  0.0  whan  taatad  according  to 
tha  A.3.T.M.  mothod. 
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T«flon  Maehanioal  Properti«« 


tanall*  ati^ngth  of  Teflon  le  not  peril  oulerlf  hl^ 

(1500  to  2500  pel),  thoufli  la  oriented  flla  It  has  been 
recorded  ee  high  ea  15«OCO  pal*  It  ondergpea  InataBtc&eou* 
dafozMavion  under  oonpreaeicn,  end  hea  excellent  e^.eatie 
MBory  if  reheated  to  ita  tranaitlon  teoperature* 

Ita  aolld*s>haae  tranaitlon  point  la  aharply  defined  at 
327*C.  at  «diloh  tenperature  it  beocnea  an  aaorphoua  gel* 

At  1|00*C,  it  begina  deooapoaing  to  the  gaaeous  acnoaer* 
yhen  Teflut  deooapoaea,  gaaeoua  fragaenta  break  off  at  the 
enda  of  the  polymer  chain*  Thia  ia  in  contraat  to  what 
happena  to  Eel-r,  in  which  caae  the  chain  breaka  in  or 
near  the  iiiddle* 

mnaeaota  Mining  and  Manufacturing  Cespany  (10)  of  SttPauI, 
Minneaota,  report  of  their  "FTP*  fils,  nade  of  dufoot 
Teflo^  that  ita  (diyaical  propertiea  are  atable  fron  *100*^ 
to  500*?,  and  that  it  haa  excellent  reaiatanoe  to  cold 
flow  under  preaaure,  low  ahrinkage,  and  good  alas  tie  nmory* 

The  nuaeroua  dufcnt  Technical  BulletlM  about  Teflon,  put 
out  by  the  Polychaaiicala  Department,  report  theae  aasa 
propertiea* 

Kel«?  ThTaieal  Prcpwrtiea 

Thia  polymer  haa  four>fiftha  of  ita  wei^t  in  the  two 
halogana,  fluorine  and  onlarine«  Eel*?  haa  theroal  atabllity 
to  a nontinuoua  tmiperature  of  175*  to  200*C*  It  exhibita 
leaa  cold  flow  under  cospreaaicn  than  doea  Teflon  and  baa 
very  geod  recevery  without  reheating*  Ita  thersal  expanaion 
ia  leaa  than  that  of  Taflon,  but  at  200* C it  haa  no  fleroral 
atrength  (5)* 

Kel-?  Mechanical  tropertiea 

The  tenaile  atrength  of  unoriented  K«I*F  ia  5,7C9  pai,  and 
in  oriented  fils  it  reaohea  aa  high  aa  30,0CO  pa*.*  Oriented 
film  la  a film  that  haa  been  atretched  to  a fine  thin  at?ip* 
Thia  rendera  the  long*ehain  solcoulwa  oloaely  alii^ed 
parallel  to  one  another,  whereaa  in  the  original  unoriented 
film  they  are  in  random  arran|i;«aant*  The  hardneaa  of  Xcl-? 
osn  be  raried  ccnaideratly  from  acft  and  reeiliant  io  tcugh 
end  rigid  wlthait  loaa  of  atabiltty,  merely  by  varying  the 
haat  treatment*  Quenohlna,  rapid  cooling  from  U25®  to 
300*?,  inoraaeee  flexibility  and  traneparenoy  (7).  Tt.e 
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d«gra«  of  opaquanaas  olao  vartaa  with  tha  haat  traatmant* 

Kal-P  ahowa  aoma  oraalng  at  lotf  taiaparaturaa  {$)• 

It  haa  auparior  aoldlng  eharaotarlatloa,  being  Mally 
nu>ldad  by  oompraaalon,  tranafar,  lojaotlon,  or  aztruaion* 

Tha  adding  taraparaturo  auat  be  oarafully  oontrollad, 
bcwavar,  alnoa  at  215*G  it  atarta  to  dagrada  ($)•  Dinacaional 
atability  la  aaawad  by  annealing  for  <4  houra  at  255*P  (7)* 

B«H«Maddock  (I5)  of  Uni  xi  Cu'bida  and  Carbon  Corporation 
haa  diacuaaad  tha  axtruaion  of  Pluorothana  film  in  aoaa 
datail*  Iha  propartiaa  of  tha  film  are  aurrayad,  and  it 
ia  shown  that  atrai«^t  die  axtruaicn  and  vary  rapid 
quanohing  of  flat  fila  oroduea  iaarovasMata  in  elarity, 
flazibilitj.  ai:d  low'taaparattu'a  brittlanaaa*  tho  filss 
la  More  Batiafs.ctory  than  that  obtained  by  air-ooolad 
tubular  axtruaion  which  oools  tha  fila  rather  alowly*  ¥ha 
iaprovasiant  can  be  diraetly  attributed  to  raAwad 
oryatallinity* 

P*  Da.xtar  (16)  haa  outlined  aavaral  aathoda  of  raain  daaa* 
ifloation  by  plaatioity  twata*  A briax’  outline  of  the 
theory  of  Acw  of  adtan  pdynare  ia  giaan,  along  with  a 
general  diaoueaion  of  tha  aval  ition  of  auch  plaatieity 
data*  A aiu^ey  of  tha  pardllwi  plate  aielt  Tiaooaity  and 
Mo  Strength  Tanparature  (KST)  la  ineluded,  and  another 
teat  aiailar  to  tha  Malt  Index  Teat  uaed  with  pdyethylane 
ia  daaoribcd*  (The  M*W*KallOii^  Coapeny  hae  recently  announeed 
a auparior  nathod  of  teating  Ael-F,  which  is  oallad  the  Z3T 
Teat)* 

tf*J«Merek  (17)  haa  outlined  the  desist  and  teat  prooeduree 
UBe.1  in  naking  nitrio  aoid  expellant  bai^a  and  the  elixaina- 
tlut  cf  fold.*  and  wrinklea  which  eventually  cause  leaka* 

Thia  waa  aeocnpllahad  by  proper  deei^t  of  the  bladder* 

Several  photograph!  and  diagrana  ere  included  whioh  olerify 
the  deei^i  prcbiwee* 

Kal-r  Chenical  fropertlae 

Kal«P  ia  ohanioally  inert,  for  all  practical  purpoeee*  It 
ia  unaffected  by  organic  aolventa  and  hea  good  weathering 
rasiatanoa  (5)«  It  realatant  to  ccnoantrated  aciday 
tndudlng  fualng  nitrio  aetd  (6)*  It  la  allghtly  awellad 
ond  plaaclci  zod  1 7 hiyaty  haloe^anatad  Mteriala  and  aona 
aromatloa  (6)* 
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3»  Fluor«^OM»bon  Lamlnataa 

Javlt*  (5)  report*  that  •ucceesful  laminate*  to  gla** 
fabrlQ*  h**#  been  mad*  which  Incorporate  all  th*  deeiraOi.* 
prop*rtle*  of  th*  polymer.  The  ltL;pr«snat»d  fabrics  have 
been  produced  in  eor.tln  lou*  roll*.  Laminate*  can  be  oat- 
pomaded  Into  heavier  atruotwe*.  Javit*  al»o  •^•to* 
eoBM  wozic  wa*  being  done  at  the  time  of  writing  (1950J 
with  development  of  Kal-P  lonlnatee. 

■21*  tolychemlcal*  Depertnent  of  duPont  (13)  reported 
In  1952  that  cany  porou*  atructure*  have  been  Ispre.ipoated 
with  Teflon  dlaperalon*.  They  state  that,  basically, 
lualnatlon  merely  consist*  of  easting  a film  on  a dlsoootin- 
surface.  They  have  nad«  baked  coatings  ca  movssj  glass 
or  asbestos  fiber  cloth.  In  order  to  build  hssvy  hoswjwsou* 
ooatlxMS,  It  Is  neosasary  to  make  maltipl*  dippings,  with 
baking  bstwssn.  Solt^l*  eieotrolytsa  should  b*  washed  cut 
pf  tha  fabric  bsfor*  coating  with  Teflon,  beoa’is*  thslr 
preaane*  sUf^t  coaf^ulato  the  Taflon.  Strong  laalMta*  can 
be  asMls  by  stacking  tha  inpregntted  fabrics  and  --hen  baling 
\avdsr  prsaaur*  at  675*  to  700»F.  Lea#  heat-rsalstant  fabric* 
can  also  b*  laminated  by  sueoeaslv*  dipping  and  drying 
oporatlons  without  elnterlng.  application  of  preeaur* 
before  or  after  eech  drying  Isiiirove#  these  laminate*. 

Vlaking  Corporation  (lU)  reports  successful  laainatloi  of 
T.'lthene  (Vlaking's  film  of  monochlorotrlfluoroethylm* 
polymer)  to  glsse  fabric,  cloth  and  canvas  batting,  stainleas 
steal,  elunlnusi,  and  mstal  aorsan  cloth* 

*^wleallT  Heslatant;  Proteetlvs  Clothing 

Vlaking  Corporation  (lU)  eug.gesta  that  Trlthon*  b*  used  t# 
fabricate  ohemicelly  re  a is  tint  safaty  clothing. 

Alllaon  (1)  ha#  reported  experiment#  to  find  * high  •'^ur- 
atioa  elastomer  for  us#  In  protaotlv*  clothing  for  chenioal 
sxposure.  He  csoneludee  that  of  the  material#  teeted,  butyl 
rubber  and  butyl -Vi# tane*  blend*  show  the  hlghast  chemical 
reslstano*.  Three  typoa  of  realetanc*  teete  to  fumlng-type 
aolde  were  uaedi  (1)  total  Iraaeralon  ae  a screening  test, 

(2)  etatlo  penetration,  and  (3)  dynamic  penetration.  7n 
the  latter  two,  an  Irdlcator  on  th*  other  elde  of  the  jUra 
woe  ‘le od  to  show  the  presence  of  acid  vapors*  Teat  ra^ult# 
were  given  ee  the  time  In  minute#  xaitll  eufflolent  vsp>r# 
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p«c*tr«t(id  th*  fil*  to  »ff«ot  tho  Indicator.  In  the  total 
lOMrsioo  taat,  butyl  mb  bar  waa  found  to  ba  auparior  to 
Xal-7  and  polyathylena  plaatioa.  Tha  Kol-F  taatad  waa 
unaupportad  fll*,  and  tha  Taflon  waa  gaakat  taatcrlal  and 
laainatad  Flbarglaa  cloth*  In  tha  atatlo  pahatratlcc  taat, 
it  waa  found  that  failure  tina  varied  linaa.'l7  with 
ineraaaing  nua^ar  of  lajara  thioknaaa  of  tha  apaoiman* 
dohildknaoht  (iQ)  dlaeuaaao  axtanalvaly  tha  ohanical  and 
phyaical  propartiaa  of  both  polyethylene  and  Viatanax* 

B*  Patent  Survay 

Tha  following  tt^ivad  Stataa  patanta  deal  with  tha  nanu* 
faotura  ooapounding  of  ehlorotrifluoroathylana  polynar. 

0. 5.  fataat  k,531»l3l*  (1®)  Dlaathyl  Fhthalata  Solution  of 
Aoatyl  Paroxida  aa  Catalnt  for  Trlfluoroohloroathylaaa 
folyMrisation  (11-2I«50)* 

1.  L*  Kropa  nd  J*  J«  Padbury  af  ijMrioan  Cyanaaid  Coapanj 
have  developed  aathoda  of  xaking  halogaa-aubatitutad 
athylaaaa«  particularly  trlfluorochloroathylana,  and  polynar- 
iii^  than  to  ra/lil/  noldad  and  ahapad  polyaara*  Prooaaaaa 
for  obtainiiy  hiejb  yialda  of  tha  hlgh-aolaeular-waigbt 
polyaard  war*  davalopad* 

U.S.  latant  2,600.802  (19)  obtainad  by  tha  M.W.Kallo«s 
Conpany.  daala  with  plaatleiaad  trifluoroehloroathylana 
pol  yaar 

9.S.  Patent  2.eC0.d01i  (20)  Produotlon  of  Chlorotrlfluoro- 
athylana  Polynar- In-Honcnar  Slurry  (6-17-52). 

J*8*l(aariQk  of  tha  M.d.KaUogg  Conpany  haa  davalopad  a 
^octlsaoua  prooe^a  for  tha  polynar iaati  on  of  polyfluoro- 
olafiaa  to  produoa  oomaily  aolid  polyaara.**  Ra  hca 
davalopad  an  inprovad  annufaottring  procaaa  and  apparatua 
that  will  control  nora  aloaaly  the  raaeti.'n  taa^aratura 
of  tha  pdynarliatica  and  improve  tha  "quantity  and 
raprcduelbility"  and  incraaaa  tha  ylald  or  nornally  solid 
polynera  of  trifluoroehloroathylana. 

Tha  nononar  for  polynar!  aaticn.  a parrfuorochloro-olafin. 
is  Obtainad  by  daehlorinating  a saturatad  parfluoroohloro- 
oarben  in  tha  prasanea  of  a natal  halide.  Subatantially 
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aoncncr,  r«ooT«r«d  froa  • fr«otional  dlatill** 

'•ion  ■yatea,  la  polyM'laad  tilth  a aviltabla  eataly!«t,  undar 
sgltatioa*  A alurry  of  tha  aolld  polynar  and  liquid 
aoaoaMr  raaulta*  A portion  of  tho  alurry  la  ecntitittoualy 
balng  raaovad  and  filtarad  to  '^eovar  tha  c^ld  polyaar 
in  powdar  or  granular  fom*  Tha  antlra  prooaaa  la  a ooi« 
tlnuoua  ana  la  which  iaviaad  pcftlcna  of  tha  varlout  agaata 
and  raaotanta  ara  ooiitla'ially  raoorarad  and  raturnai  to  tha 
lyatan*  (tbla  Batho4  la  praauMbly  balng  uaa<4  in  Kallofg'a 
aaw  plant*) 

U*3*  latant  2,600.62.-.  (21)  Prooaaa  for  tolynarlalng 
Trlfluoroehloroathyltna  (6-17-52}* 

J<K*Wrl^taon  of  tha  K*W*Kallo§g  Coapaay  haa  davalopad  a 
■athod  to  roaora  tha  haat  produoad  by  p^ynariaatlon  of 
trlflucroohloreatbyliina  during  tha  raaotlon,  eontroUiag 
tha  raaotlon  taaiparatura  adaquataly,  and  isprorlag  tha 
quality  of  th«  a^ld  polysux-a  produoad*  Aoocrdlng  to  this 
■athod,  liquid  diluent  praa««t  during  tho  polynar iaation 
of  tri^uoroohloroathylana  '.a  araporatad  during  tha  raaotlon, 
and  tha  haut  of  polyaariiatioo  la  tbua  raaurad  aa  latant 
haat  of  waporiaation* 

n*3*  latant  2,600,202  (22)  Nathod  for  P^ynarialag 
ChlorotrlAuoroathylana  (6->10*S2)* 

D*w*Caird  of  tha  (Saoaral  0.aotrie  Oot^any  haa  davalopad  a 
prooaaa  fev  ■aring  a aubataat lolly  haat-atabla,  high* 
nolaoular-walaht  ohlorotrlfluoroathylana  pedyaar  by 
agitating  an  aqoaoua  auapanaion  of  a nixtura  at  balen  pB*$ 
in  tha  praaonoa  ^ ultraviolat  light*  Tha  aquaoua  nlztura 
oontalna  ohlorotrlfluoroothylana  and  a iiatar'*aolubla, 
inor  ^anlo  parexida  polynarlaatlon  oatalyat  for  it,  bopia 
aoid.  a wator»  aolubl  a Iron  aalt,  and  a radu*.ing  -agant 
raadily  oacldlsad  in  tha  pr'oaanoa  of  tha  polynarlaatlon 
oatalyat  and  tha  Iron  aalt* 

n*3*  Patant  2,599,61vO  (23)  Cepolynara  of  OhlorotrifXuoro* 
athylona,  an  Olafinie  Hydrocarbon  and  a Yinyl  Carboxyl ata 
{6-10-52). 

]t*N*Joyoa,  Jr*,  of  tha  duPont  Conpany  haa  aeeospliahad  tha 
preparation  of  naw  hlgh-aMlaoular-wal«^t  polynera  and  of 
oonpoaltlona  eootalnlng  than,  by  polyaarlxlng  a nlxtwo  of 
uhlcroirlfluorcathylaca  and  a vinyl  ertar  of  an  ori|;aalo  aald 
amh  oa  vinyl  «oatata  in  tha  praaanaa  af  a paroxy  i^Tdlyat  ^duah 
aa  banxoyl  paroxlda* 
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!•  4111«on,  A*R«  Choniol  Retlitane*  of  Hl^h  Saturation 

ETtia.cmra  in  Protactlva  CloriiiPi^ 
Applioa’.lonj*  Hatarlila  Laboratory. 
fM»  Yor>i  Hival  ^ipyarc*  Fr««Mt*d  »t  Third  Hav«l 
Confproreo  oo  ELaatonar  Rataareh  and  ^avalopnant, 
Uachlrvjton,  0*  C*,  i«7>>2* 

2»  Flck,  A*  Poaft<>ndo>»ffa  Annalan  dar  Physlk  9<i  59  (1855) 

3»  HlldabPaiid. . J*H*  Solubility  of  Hcn-»n.aetrelTtea.  Saocnd 

Sditi^r  ^oLuioId  iuoilaaing'^orporatlan, 
law  Topk.,  1938.  133* 

4,.  Bouwlnk,  J.R.  Induatrla*  daa  Plaatlouaa  ^ 409>14  (1947) 

5.  Jarltt,  A.B.  Wuorooap^aB  Raalna  Ar>PPalaod.  CLaotrloal 

ffanuiTaoiuriaf , ^ « 1* 

6.  Kal«y«  Tachnleal  Bullatlr  #1»12>49.  Chaaloal  Manofaeturln^ 

DlPlalon,  n.tf.KallQsg  Coapany,  Jaraay 
City,  J> 

7.  ICol-y«  Tachnloal  Bullatla  #2*10*50.  Chaalaal  Manufaeturlnf 

OlTlalok,  lUk.Xallon  Coopany,  Jaraay 
City,  J 

8.  Myara,  C«S.  and  rhllllpa,  F.R*  yar..aablllty  of  toly* 

athylgna  FUa  angrtTawatlrn  to  Jo  1-1.111  a 
tiouiiia.  ' Maport  Coitfi  (!;appldia'^A 

carbpd  CMVcratica. 

9.  lalrla,  1.3.  Hodam  tlaatloa.  lo.  6,  5>8  (1941) 

10.  "PTF*  Plla.  Tachnleal  Data  Sh«at.  Tapa  Dlvlalon. 

Nlnnaa'pa  Mining  A Manufacturing  Co., 

St.  Faul,  Minn. 

11.  Slatrll,  V.l>.  and  Barahbargar,  A. 

Paraoablllty  of  Polyriarlo  Fllna  to 
7?r*r’nlo  \/~pr<ra«  flaacloa.  j> 

12.  Stout,  B.,  Oalanan,  R.,  aiU  Motlay,  J.M. 

Otffualylty  of  rnawa  thrr«iigh  Synthatle 
/♦liato.aer  iSla jer’.y-'sa.  d<;..ialcal  .jottinaarlna 
Jrosroaa,  Vol.  U4,  ‘*•3*  Washington  Unlvaraity, 
St.  Loula,  Mo. 
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^3*  Toflon*  V«w  Vroduet  Bulletin  j^X-lO* 

PoljohMiioals  Dap&rta«»t,  8«Z»  duPont 
4*  Huwure  and  Conpany.  Wilmlngtoo, 
Dalaware*  January  15«  1952* 

14*  Trlthana  The  Vlaklng  Carporation,  Terrs  Haute» 

Indiana 

l5*  Kaddoek.  B*B*  Manufaotxire  and  Frooerties  of  Quenched 

^rvioifovaane  ' \<aiua  Caraicte  ^d 

Carocn  c'orporatlon* 


16*  Dexter,  f» 


Fluorothane  Beeln  Claealflcaticn  by 
|pL..iafraifaa>  V^e»e«  lialun  Cartolde  end 
carbon  do^oraiToo* 


17*  Merok,  tractieal  Experience  in  Deelimlnit  end 

Darin* 

16*  Behildknec&t.  C<Et  Vinel  and  Related  Folrmera*  John 

Wiley*y‘J^e7Tnor~^Je"7gk;^^^ 


19*  Kropa,  g^L*  end  Pedbury,  J*J*  pinethyi  Phtholate 

Solution  of  AeetVr*^*  r'^rtida  ne  d^^alyet 
i^or  'I'riHucrocliluVoei.  ne  Vol.,  lerlaati on • 
rppTT<^Uon  "gi;rT7Tge5~T^'  

U.S*  Patent  2,531  •134* 

20 • Pastise,  Herbert  J»  Haetlciaaticn  of  P jrhalocerbcei 

Polyw<«rii.  Ifcailaatica  date  «.5  ilarcn  I949» 
tn 37  relent  2,600,802. 

21*  leariek,  John  S«  Pre<<uctiqn  of  Chl^otrlfluoroethylene 

PelrraV-Ta-  Icnc  "ler  ;ilurrj>  Applicatien 
Sate  13  aprii  U.^t^atent  2,600,604* 

22*  Vrii^aoo,  John  M*  Proeeee  for  Pel:^«rlslnK  Trlfluoro« 

ehl  or ca «3l(me*  aoollouliCca  date 
38“'rtir0a"r94«J"  t^*3*  Petent  2,600,021. 

23*  Caird,  Oirid  k*  Method  for  yoX?«ertsinx  Chlorotrlfluoro- 

et'ai^Tcne.'  jpgiloatico'  date  ^ June  1^!>0. 

UrarTaTent  2,600,202. 

24*  Joyce,  Robert  M.,  Jr*  Ceool?mre  of  Chlorotrlfluore» 

eth?lone.  in  'uloi'lnio'  :i'j’<,roca.*ncin  'u>q  •% 
Tinyl  Car|.o-t7'late.  Appil9w>.lon  Sate 
4 Au^uet  1V44*  9.3.  Patenv  2,599,640. 
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80  pta.  Tlatancx 
20  pta.  folyatharlana 

80  pta.  Tlatmax 
20  pta.  Polyattaylana 

30  pta.  Vlaiataoc 
70  pta.  Pol7atfa>lMa 

Ao  ata.  Vlatanas 
20  pta.  foljrattaylaoa 

eo  pta.  Tlateaax 
20  pta.  foijrativlwa 

30  pU.  Tlat«aa 
70  pta.  Polyethfla**# 

30  pta.  Tiatanaa 
70  pta.  PolyathjXaaa 

80  pta.  Vlatanax 
20  pta.  PolyaU^lMM 

80  pta.  fistaMK 
20  pta.  Poljratfccrlwa 


60  pta.  ViatcnaB 
20  pta.  PcIyaUgrlana 

30  pta.  flatmax 
70  pta.  folyatt^xwa 

80  pta.  Tlatatw 
20  pU.  Polyathylana, 
ealaniar-coatad  onto 
STnal  fabric 

80  Vlatwiax 

20  pea.  I’oVjrathylano, 
ealc'slar.coatad  onlv 
Oynal  fabric 
OO  pta.  Vlatanaa 


Roault/ 

Buitia  Coa^lataly 
Burr.B  Coaplatoly 
Bumc  Coa;f>lotal7 

Buma  Oci^ataXf 
SuRW  Sni>l*talf 
Bnrna  Ca^lataly 
Burna  CoF^ataljr 
Boma  Cea^*'tal7 
puma  Caiipla.al7 

Buma  Coaptttalf 
Puma  C-Mpl  •taly 


Burra  in  e:»Mact 
with  flacM.  Not 
a air>  «act  iris' il  a Mnc 


Buma  in  centaet 
with  riant.  Hot 
aair»ajctln(  uiahirjt 

Coaa  not  b"m  whan 


20  pta.  Poly athyi ana,  praat  rwwTwd  fro«  flavi 
aoliad  onto  Dynai  fabric 

Go  pta.  Vlitarax  rr.ttr-a<n*-.«  t»twt»«n 

20  pta,  Polyathylara,  prwa  1)  and  lit. 
awi-lad  into  Vtr^;:.  »»•—">  al'.jbt  •.■'i-rry  v, 

w . .a  V * -AI*,  • ' HfUi  »’*U‘4r 


•JIDC  n 


pRocsDinas 

Proc«durJ  A:  M«tnod  for  D«tjrftinln*  Perwa to  Pum  ng 

Mltrte  Add  ■■■  

1,  D*icrtpt^on  of  App*ritut 


A)  Scckst  iolnt  *tt*oh9d 

to  ground-fll»9*  •topp«*r*o 
tXibO  • 

a)  Sc-jJcot  Joint  attached  to 
distilled  vatP-r  cup  In 
wtiloh  •loctrodos  of  pH 
aater  are  »jj««r«*d, 

C)  Swjple  b*li<  t*»b#d 
clamped  In  piece. 


II.  ProeedurJ 

■1  ymufmA  cl en.o* d between  the  Veo  cells  wl^ 

The  eonple  to  be  teated  l»  cisw^a  butTl  rubber  gaei<et,.  On* 
a ball-and-eocitet  clanp,  employing  * ^ ,n»tll- 

led  water  cup.  and  an  initial  pH  r ng  dtitilled 

th«  alectrodaa  of  ^he  bacjcman  pH  .•  into  i e'-ound-glcss 

;«.r  cup.  pualng  nitric 

ctoppcrcd  tube,  end  pH  r»  adind  nolnt^  k cllbrctlon 

rcJSt.r.  PH  a.O  lubbUrcr,  .toppln,^pclnM.^__l^;;ll», 

;:^;’jrrd‘r"i’.s”?",'‘;-r;,uc™  -..i.r  .,uw.i.nt  to  tn. 

pH  reading  a. 
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33. 


PTocdur*  3: 

*Mm  Salut.lon-C«atlnj  Mathod 


•ddtd  ti>  gl»<»  th*  ffcllowiRB  bl«tid*j 

A,  70  parts  Vlstsns*  B-SO.  30  parts  J 

?:  w plJ”  viltlSx  B-ao,  ;o  p.u't.  Ai.a>»  A 

A !»«,.».<«.  rurSnjr""* 

StuSiST-r:  ^l.  f.r  c-tin,  u«. 

c-txn,  .*  turn,  .M  *"r  5^1“*^^' 

SI.y?PlS“S;.orjlJiiU  S»a  Al^ortlo.  durln.  fll«  for..- 
tion. 

^ thlrtasn  p.rc#nt  Vlstsns*  solution  wis  ussd 

to^SiiSi^  ?JL.^Fpr«  Vlstsns*  Oilch  wss  csst  on  s 
iJ.Srjwf  id^JoJd  to  alr-dr,  o^rnlght. 
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Proc«ctu7«  C:  Preparation  of  Polyathylon*  Pll!»»  by 

tha  nolntlcp-CRatinn  n3thod 


Plftoan  graaa  of  poljathylan*  (Alatnon  A)  var*  placed  in  a 
flaalt  containing  i$0  ce«  of  tolu0ne«  ih*  flaak  waa  warned 
on  a ateea  batb*  and  tfca  contents  were  ac^itated  to  brin^  about 
solution.  The  filso  %ier«  oaet  by  pouring  the  warm  eolution 
onto  '.'arisad  glssa  platee,  and  the  platoa  were  placed  in  an 
ov'in  at  110*C.  It  waa  neoeaaary  to  k>jep  the  temperature  of 
tha  solution  above  QO*C  at  all  tinea  to  pravant  precipitation 
of  the  thenaoplaotio.  Such  preelpitation  increases  the 
tendency  of  the-  fils  to  oreok  then  the  eolvsnt  ie  evaporated. 
The  filme  trare  ellowed  to  rssain  in  the  oven  for  two  hours 
to  inaure  eomplete  solvent  evaporation  and  to  allow  each 
film  to  flow  together  to  fora  e continwtoue  sheet. 


Q5. 
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Proocdur*  Dt  ?r«p«r«tlOQ  of  & folyothjlon*  Plla  bp 

G«d«rv!!«rin«  r»thod 


Tho  rolls  of  ttao  litoorstory  nlll  wsro  tasstsd  bp  slliwlng  s 
bsteh  of  nstursl  rubbsr  to  nix  for  20  to  30  ninutsa*  with 
ths  oeoliOK  eoila  shut  off.  A portion  of  polpotbplsno 
(Alathoa  A)  was  plaoad  on  tha  rolls  and  allowad  to  nix 
for  15  to  20  nlr.utas  tntil  it  hod  bmdod  and  baeoaa  soft. 
Ths  batsh  was  thsstod  off  '.ihs  rolls  cd  allowad  to  eool. 


WADC  TR  54-93 


r 


FroMdor*  It  PrcpcrfttloQ  of  Fllsao  fro*  yArlouo  Blonds 
of  Folvioobueylono  and  Polyothylono  by 
tho  &olutlon«Caotinj[  Jlothod,  Followod  by 


It  la  noooaaary  to  iialneoln  tho  aolutioos  at  150*-2I2*?  and  to 
oaat  fllaa  on  prataatad  g^aaa  platoa.  A ccnpleta  aarioa  of 
polyatbylona-polylaobutylona  (Viatmox)  filsaa  waa  eaat  froa 
tolnam  aolution.  Calculatod  aaounta  of  polyatbylona  and 
Vlstanax  aolutioo  (Aravloualy  sado  up  to  in  toltiono) 
wara  plaead  is  Srlaneayar  flaada  idiich  wara  haatod  in  boiling 
watar.  Additional  toluana  «aa  addad#  aa  ragtiirad#  to  giva 
honoganaoua  adlutiona  of  a aiaooaity  approaiaf«taly  equal 
to  that  of  SAl  Bo.  10  oil. 


A aaall  portion  of  hot  aolution  waa  pourad  on  a glaaa  plata« 
prahaatad  to  150*^.  Sio  hot  aolution  waa  apsnad  to  a thick- 
naaa  of  ,003  ineh  with  a Bird  applicator*  and  tha  plat# 
waa  plaoad  in  an  ewan  at  ISO^  for  30  ninutaa.  '3a»  plata 
waa  than  ranoTad  frea  tha  oaan,  «wl  additional  eeata  vara 
appliad  and  driad*  aa  bafora*  until  tha  filiaa  war*  ,005 
to  .007  inch  thick.  Aftar  applioatioo  of  tha  final  ooat. 
tha  fllna  w«ra  hold  S to  6 houro  at  1^**?  to  iwnoao  aa 
■uob  raaidual  aolvaet  aa  poaaibla. 
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Pre««dur3  Ft  Praparation  of  Fllaia  froa  Variout  BXanda 
of  Poxyiaobutplana  and  Polya thylena  fay 
tha  Preaa-Moldln*  cJtod 


A eoaplata  aariaa  of  polpthylana-Viatanax  B-80  blanda 
waa  aixad  on  a hot  alll  (160^P)  to  a hoaogaMoua  atata. 

Aftar  nillins*  tha  batchoa  mro  ahaatad  froa  tha  alll 
and  propara d for  pmaa-aoldio^.  A aanpla  of  tha  ahaatad 
fila»  about  3 in.  by  3 in.«  waa  cut  frcn  tha  batch  and 
plaoad  batwaan  two  lUflon-oovarad  (.002  in.  aharad  ’teflon 
film)  alualnua  plataa  ( 6 in.  by  6 in.  by  0.2$  in.).  (Tha 
Taflon  aats  aa  a aold-ralaaaa  aaant*  aiapli^inc  tha  raaoval 
oC  fllwB  aftar  praaainft.)  Tha  '"sold”  waa  plaoad  in  a praaa 
at  29o*7  and  waa  alloMd  to  rraain  thara  for  1$  nlnutaa  undar 
taro  praaaura.  Tha  prahaating  affaotivaly  aoftana  tha 
bland  to  an  aaaily  aoldad  plaatio  naaa.  Aftar  1$  ninutaa* 

6$  pal  waa  applJad  to  tha  plataa  for  $ nlnutaa.  lanadiata 
eoollng  undar  praaaura  waa  naoaasary  to  nduoa  bubbling  and 
to  daoraaaa  tha  tackinaaa  of  tha  filna  bafora  handling. 

Tha  ataadard  thickmaa  of  .003  in.  waa  obtainad  fay  tha  uaa 
of  antal  ahiaa  of  thia  thloknaaa*  which  aaparatad  tha  plataa. 
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froe«<ia?«  Qi  D«tamln»tlon  of  iflpas-Ra^latenc* 

(List  of  Flaoa-Retardants  un  Fago  26) 

^thoi  A,  FIum  or*  tardants  w«r»  addaa  to  pravloualy  all  Ltd 
blands  of  Vistanax  aod  polya thylana , on  a laboratory  mill 
haatad  to  a taaparatxxra  of  170°y.  ATtar  eoaplata  diapaxmlon 
of  Insradlanta*  eoe^ounda  wara  ahaatad  off  tba  ai.ll  and  alicad 
into  aaall  ractangular  aactiona.  Each  aaetlon  waa  brought 
Into  diraet  contact  with  a flaaa  (approxioata  taaparatura* 
1&0*P]  and  tha  aaount  of  flasing  waa  notad. 

?»teod  tm  A bland  eonaiatxng  of  OO  parta  Vlatanax  and  20  parta 
polja thylana , with  an  additional  I4.O  parta  titaaiva  dloxida« 
was  praparod  on  tba  •ill.  Aftar  baii^  aaaotad  off  tba  niil* 
aactiona  wara  placad  ovar  Vinyon  and  bynal  fabric  a.  Tha 
ecaponanta  wara  placad  batwaan  Taflon>covarad  (.002  in. 
ahcvad  Tafloo  fila)  alunin\aa  plataa(6  in.  by  6 in.  by  0.2$ 

In.)  Ad  than  put  in  a hydraulic  praaa  which  had  baan  pro- 
haatad  for  $ ainutaa  at  2dO*F.  Tbay  ware  praasad  for  1$ 
•inutsa  at  6$  pai.  aftar  baing  eoolad  under  praaa\a^«  tba 
raaultant  eoatad  fabrica  wara  brought  into  contact  wl  ib  a 
flaaa  (approxiaato  taaparatura  lOO'^P)  and  tbair  dagraa  of 
flaasMbility  waa  notad. 

Watbod  C.  FroTloualy  alllad*  unfillad  blanda  of  pelyathyl^aa 
ana  vlaimox  wra  aalandarad  on  Dynal  fabric.  Tha  flaBa*rasis- 
taiMa  cf  tha  eoatad  fabric  waa  noa^d  by  placing  • apaeiacn 
in  direct  contact  with  a flaaa  (approxiaata  taEt$oratura«li^*y). 
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»9. 


rs«M4ai«  ■»  D»t*mln«tloo  of  tho  of  Blodttaf 

of  gabrte  Bpotgono  I.  ■— 


for  toating. 

1,  Vlnyoo  T/*brlo  v#501)»  ealandar-ooa^Bj«i^  • bi»n4  o 
pi^a  ¥lattm*  8-30  and  50  parta  Alatbon  A. 

2.  Yinpeo  Fabric  (#501) » ®*f*“‘****;t®S*jLji*J.*  **^**'*  ^ 

Jarta  Vlatat»»  8-30  and  i40  parta  Alathon  A. 

3.  flnyon  FaBrla  (#501).  ‘ ^ 

^ parta  Vlataaax  b-30  and  3®  Alathon  A. 

4,  Drool  fabrla.  A ^ 

^ viatanaJi  B-SO  and  20  parta  Alathon  A. 

»^th€i4t  Poor  apootnaoa  of 


■mtarWaaaA  tO  Obtain  Wiraa  ^ 

(XJrrto  coatln,.  tCo  Silo!- 

baeki«^.  *1^  film)  altfUnta  plataa  (8  In, 

sororad  (.002  !«.  rtall  «lSt  (6.5  m.  <>1 

oy  6 in.  by  0.25  in).  platn  *• 

Tin.  by  1.5  in.)  gfll.SatfnJ?IJtll5ona4  in 

1.3  pal  on  S^llS^^  S*  After  lanoral  fron 

a drylns  oaon  fo^li  houw  at  ^ Joolad  for  tno  fcottra. 

21 2r{.irt..si"«5 

fellevioc  aoal». 

*•••  --  r«ur?isi«“  r*” 

Drcraa  Sl.B.  - JU^gt  2JfliJ*?Slln‘*tSaIt.** 


Oagrao  f.B.  — 
Dasroa  Sl.B.  — 


Dagraa  B« 
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■aiw<i>asMiiiMitawu6ciWi^^ 


I 


} 


k 15JI 


ia' FMt.  iiMi«)  2i^  .StSicn.  rt» 

«•»  tolwnt  .tnaaid  «i^ 

r«tttltaBt,  eoSl.  Flla»  «•*•  of** 
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I 
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NOnCS:  W3S2f  GOVKHWMSifr  08  OrnXRA  DIUWIW3S,  SPmnCATtOW.  iV,  •.  .il?  n r n 'A 
TGOrWD  Foa  Airr  purpcsa  omsR thaa  w ccwnscTHSA  wrra  a . i,  ku  'Tx  » : 

GOVSHNMSAT  PROCUa^^MSAT  OPSRATMW,  THl  IX.  & OOVlSAIfMlSfr  V r . i Tv’r-O 
NO  RaaPONSIBIUrrT,  Ifca  AKT  03L£O\TI0af  WHATSOXVSA;  and  to*  " ACT  V :.\t  XT.  i , 

COVSRNMSNT  MAT  ilAV*  FOaHULATSD,  FTONlSagD,  <A»  Of  ANT  WAT  H T/H 

f AID  DRAWXNai,  SPSCIFICATICNS,  <M  OTHR*  DATA  m m*T  TO  HS  Ilffl  ..f  ,XZ''i  M ) 

mpucATiON  ca  onuawma  as  m aat  MAimxa  LKi^Tsafo  th*  no.  Ct.  >;  t .ir  i l 
mnson  oa  ccapoaA'nof,  ca  coNTSTUfa  ant  nsGirra  cm  s%msm!-j  i c:  ^ -v-  -jr.*. : . v w,  j 

U3Z  OR  SELL  ANT  PATBITTSD  mVENTICN  THAT  MAT  IN  ANT  WAT  D*  *UJ#  A ’ y M | 


